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THE DERIVATION OF HYMENOPTERA 


ROBERT K. NABOURS, 
Kansas Agricultural Experiment Station, 
Manhattan, Kansas 


Hymen is defined as a membrane (anatomical structure in human 
females); from the god of marriage, in the London Medical Dictionary 
by Bartholomew Parr, 1819. 


It has long seemed to me far-fetched and most illogical that it should 
be assumed, as in practically all modern entomological writings, texts, 
dictionaries and encyclopedias, that the Hymenoptera have come by 
the name because of their membranous wings. In fact the wings of 
this order of insects are not considered, nor are they actually, thinner, 
more pliant and translucent than are those of many other insects, e. g., 
the Odonata and Hemiptera. Furthermore, the human membrane 
and these wings are neither homologous nor analogous, and it would be 
difficult to find structures that exhibit greater incongruities in com- 
parative morphometry, anatomy, histology and physiology. 

It seems more logical to infer that the Hymenoptera have come by 
the name on account of the conspicuous, perhaps romantic, and def- 
initely specialized marriage flights which characterize some of the more 
prominent and probably first observed species of the order. Therefore, 
it is suggested, critical evidence on either side so far unavailable, that 
Linnaeus, if he were the first, derived the prefix to the ptera from the 
sentimental and folkloric myth of Hymen. This traditional story, 
portraying as it did a deeply fundamental feature of human life, had 
been perhaps the most passionately exploited of anthropological legends. 

The reasonable inference seems to be, and it makes a far better 
story, that the prefix in Hymenoptera and the name hymen of the 
human anatomical structure both independently and most logically 
refer to the Greek god. Marriage (Hymen) on-the-wing (ptera), or 
marriage while flying, inferentially ascribes to the Hymenoptera one 
of the most congruous and appropriate names of any applied to the 
orders of the insects. 








A COLONY OF SOLITARY WASPS 
(HYMENOPTERA: CHLORIONINIT) 


H. T. FERNALD, 
Winter Park, Florida 


The nesting habits of the Great golden digger (Chlorion ichneu- 
moneum L.) have been studied to some extent by a number of observers, 
particularly by Prof. and Mrs. G. W. Peckham of Milwaukee, Wis- 
consin. Others have added to these observations, though less fully, so 
that a general idea of the nesting habits of this species has been 
obtained. 

To this knowledge are here added some facts concerning a group of 
these insects which appeared in a small area many years ago. Although 
this location is seemingly very far from desirable, the wasps, probably 
descendants of the original ones, have been using it ever since. 

About twenty-five years ago, while living in Amherst, Massa- 
chusetts, I received word from a lady living a few miles away that there 
was a colony of these wasps nesting at one side of her house. This lady 
had been for some years a neighbor of Professor and Mrs. Peckham at 
Milwaukee and had followed their studies with much interest and so 
was quite familiar with these wasps. 

As the location of these nests seemingly was most unfavorable for 
these insects to select, I visited it at once and for a number of years 
thereafter, often several times during a season. So undesirable was it 
as to call for further description. 

The house, then over seventy-five years old, stands on a rather 
high ridge overlooking the Connecticut River valley for a distance of 
many miles to the north and is much exposed to high winds, very cold 
in winter, which sweep down over the valley. It is a long house, 
extending east and west, its north side without any protection from 
these winds. The main house faces the east, followed by a narrower 
ell and a shed. The ell and shed are even with the north side of the 
main house but narrower on the southern side. Close to the south 
side of the main house is a road, thus leaving between the ell and shed 
and this road a strip of ground about fifteen feet wide and about twenty- 
five feet long and this strip the wasps had taken for their nesting place. 

The house had been built upon glacial till and the earth in the 
nesting area apparently had never been disturbed since the erection 
of the house. The till consisted of both small and large stones, some 
of them two or three inches in diameter with a little finer soil between 
them. This ground had become so compacted by remaining undis- 
turbed for over half a century that a shovel or trowel had no effect 
upon it and its excavation without a pick was possible only by using 
a heavy knife, digging it out a bit at a time. Scattered tufts of grass 
failed to cover the ground entirely leaving a considerable part of the 
surface as bare ground with the uppermost stones showing. A more 
unfavorable, place for wasps to make their nests could hardly be 
imagined. 


458 











1945] Fernald: Solitary Wasps 459 


Why this location was selected by the wasps can only be guessed, 
but it seems possible that it was chosen because the strong winds which 
sweep by are shut off at least in part by the house, also it is protected 
from the cold in winter, and is directly exposed to the heat of the sun 
in summer. Perhaps these advantages outweighed the difficulty in 
digging the holes for the nests. 

Not all of the area available was used by the wasps. No holes 
were nearer than six feet to the buildings. The distances between the 
holes varied from about five inches to several feet and perhaps were 
determined by the impossibility of digging them in some places because 
of too large stones there. This was evidenced by some of the holes 
examined, going down an inch or two and ending at a large stone. 
The completed holes varied from about three to four inches or a little 
more in depth and this difference too may have been determined by 
finding an immovable stone at the end of the shallower holes. Appar- 
ently the wasps considered that a hole less than three inches deep did 
not give sufficient protection to their young during the winter. 

That the insects struggled valiantly in digging these holes was 
shown by one wasp which after getting down about two inches evi- 
dently found in its way a stone composed of thin strata each layer 
about an eighth of an inch thick, almost truly oval in outline, about an 
inch across at its widest part and an inch and a half long. The stone 
evidently had been ground into this shape by glacial action and had 
weathered enough so that the strata composing it were no longer firmly 
adherent and the wasp when first seen had what was probably the middle 
layer of the stone in her jaws and walking backward was dragging 
it out of the hole on one edge. As this piece of stone was higher at its 
middle than the insect it was an interesting sight to watch her as she 
struggled to pull it out. 

At the time the colony was first visited there were from fifteen to 
twenty wasps at work, some digging holes, others stocking them with 
prey. As the season advanced more seemed to be present, but as some 
were coming and others going out for their prey, it was not possible to 
be sure of the actual number present. 

Digging began in July, the date varying with the advancement of 
the season each year, and continued well into September and in a few 
cases into early October. 

Excavation of the holes showed them generally to consist of an end 
chamber and a side one and the angle of the tunnel itself with the surface 
of the ground varied considerably, this perhaps being determined by 
the stones encountered during the digging. 

After the hole—which sometimes took three days to excavate, the 
ground being so firm and stony—was completed, the wasp would circle 
around it several times and then would fly away in search of its prey, 
in this case the Tettigoniid, Neoconocephalus ensiger (Harris). In the 
early part of the season these were nymphs from one-third to one-half 
grown and several were placed in a chamber. Later, as they became 
larger, their number became less and when the adults appeared one only 
was sufficient though in a few cases two were found in a chamber. The 
egg of the wasp was nearly always placed on the lower left side of the 
body, close to the articulation of the middle leg, but in one case it was 
attached to the labium! 
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It was noticed that the wasps coming in with their prey all came from 
one direction and a search in that region for a distance of nearly a 
quarter of a mile was made to find where these Tettigoniids were 
located, but not one of these insects was discovered even by most careful 
searching. Either the searchers were poor hunters or the wasps flew 
quite long distances with their prey. Approaching the nesting area the 
wasp, holding its prey in its jaws and fore legs and sometimes with its 
middle legs also, would fly to within two or three feet of its own hole 
before alighting, and appeared to have no difficulty in finding it among 
the others. 

At some times during a season there appeared to be between twenty- 
five and thirty wasps active at the same time. One summer, though, 
only about half a dozen seemed to be at work. The preceding winter 
had been a severe one with one or two short, warmer spells and it is 
possible that some of the insects more exposed than the others (in 
shallower holes?) had been killed by the winter weather. Two or three 
of the following seasons, however, seemed to be sufficient to bring the 
insects back to their normal abundance. 

Some of the wasps after the main group had been established for 
several years, started another of perhaps six to ten members just across 
the road referred to above where the ground was less stony but more 
exposed to winter conditions. This group did not maintain itself for 
more than a few years. 

My removal from this locality prevented further observations but 
the present owner of the place, Mr. R. H. Whitcomb, has supplied the 
following data as to present conditions. 

In 1943 the wasps were still present though in reduced numbers, 
only a few having been observed though regular examinations of the 
place were not possible for lack of time. He writes that about 11:45 
A. M., August 31, one of the wasps was digging a hole and that another 
one was trying to start a hole of its own in the sand pile thrown out by 
the first one about four inches from the first hole. This aroused the ire 
of the first wasp which tried to drive the second one away. This 
action was repeated several times. Finally the owner of the sand pile 
attacked the intruder savagely, the two rolling around over the ground, 
kicking and fighting, for about half a minute, after which the second 
wasp flew away. At 2:30 P. M. the first wasp had resumed her digging 
and then was undisturbed. Perhaps the intruder had found digging in 
the firm ground too hard work and was delighted to find loose sand 
available in which to make her hole, not realizing that it was the 
property of the other wasp to be used to fill her nest when it was ready 
to close. 

Why this group came to locate at this place is, of course, uncertain. 
Perhaps one wasp started it and her descendants found the location a 
desirable one despite the nature of the ground. Perhaps, also, the 
young adults would naturally locate near where they themselves were 
produced. No other nests of this insect were found in the immediate 
neighborhood. 

In 1945 this colony was still in existence and apparently in good 
condition. 








THE RECTAL SAC OF THE RED-LEGGED GRASSHOPPER, 
MELANOPLUS FEMUR-RUBRUM DeGEER 


WILLIAM S. MARSHALL, 
University of Wisconsin, 


Madison, Wis. 


An examination of many sections cut through the rectal sac of the 
red-legged grasshopper, and a perusal of the literature written on the 
structure of this part of the alimentary tract, led to the conclusion that 
another study might be of interest. This is a histological study, and 
one object in view was that concerning the function of the rectal glands, 
could any conclusions be drawn from a microscopical study without 
the more important physiological experiments. 

The anatomy and histology of the alimentary tract of both short- 
and long-horned grasshoppers has been described for several species; in 
this paper only one part, the rectal sac, and of one species, Melanoplus 
femur-rubrum, will be considered. The rectal sac of this insect has six 
longitudinal glands on its inner surface, they are pointed at each end 
and wider than the intervening interglandular parts. This is the 
general appearance, but some specimens show each gland transversely 
divided into two parts the anterior of which is about one-third the 
entire length; a few glands consist of three nearly equal portions. 
These divisions are due to muscular contractions resulting in transverse 
furrows in each gland which may assume other and more peculiar shapes. 

Trappmann (1923) described the location of the six rectal glands 
within the body of the honeybee; in the red-legged grasshopper they 
occupy the same relative position, one gland is dorsal, one is ventral, 
and four, two each side, are lateral (fig. 1). Transverse sections through 
the sac show its walls to be composed of two distinct parts, the glands 
alternating with the interglandular parts; the former are the more 
noticeable, the latter generally folded and thinner than the glands 
(fig. 6). The irregularity of these folds depends upon the contraction 
or expansion of the sac. In young hoppers the interglandular parts 
have not been definitely formed and are relatively short, but, despite 
differences in age, the specimens showed marked variations in the 
comparative length of these two regions. 

Transverse sections through the rectal sac of very young grass- 
hoppers showed that they differed from all older specimens in that the 
epithelial layer of each gland was divided into three parts, a median 
and two lateral (fig. 2). As these young, first instar hoppers grow 
older the cells forming the lateral parts of each gland become crowded 
together, they decrease in size, occupy less space in the gland to become 
incorporated finally into the interglandular parts (fig. 3). Stained 
sections of these very young specimens showed the lateral parts darkest; 
this was due to the darker color of the cytoplasm, or to the crowded 
condition of the nuclei of the cells. In the older instars and the mature 
hoppers the interglandular parts are formed by the regular, small, 
flattened, epithelial cells, and these others are added from the lateral 
portions of the glands. 
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The inner surface of the epithelium of the sac is covered by a 
striated border, under this lies a cuticular intima which differs in thick- 
ness in various specimens and over different parts of the sac. It is 
thickest over the interglandular area, this, no doubt, due to the strain 
imposed by the muscles attached to the intima at this region. The 
epithelium forming the glands is thicker than that of the interglandular 
parts. A basement membrane covers the outer, basal border of the 
wall and, next to this, is a layer of connective tissue of varying thick- 
ness; when the sac is contracted this tissue enters the base of each 
gland (fig. 2), (Bordas, 1898). During the contraction of the rectal sac 


EXPLANATION OF PLATE I 


Fig. 1. Diagram showing one-half of a transverse section through the abdomen 
of a young grasshopper in the region of the rectal sac. The rectal glands, one 
dorsal, one ventral and two each side, are shown in their natural position. The 
glands are nearer, edge to edge, than natural as the interglandular regions are 
shortened to save space. Diagram. Fig. 2. Slightly more than one-half of a 
single contracted gland of a very young hopper showing half of the median portion 
and one of the exceptionally large lateral parts. The connective tissue extends 
into the median part of the gland, and between this and the lateral part at which 
region it sends fibrils to the attachment-plate. X 940. Fig. 3. A few epithelial 
cells from the margin of a gland and a portion of the interglandular cells, the 
latter, now reduced in size, were earlier a part of the lateral portion of the gland 
(see fig. 2). A comparison of the interglandular cells in figs. 3 and 5 with those 
in fig. 2 shows the reduction in size of these cells and their nuclei. Fibrils from 
the connective tissue cells pass between these two parts to the inner surface of 
the plate. Davis (1926-’28) has a figure quite similar to this one. X 940. 
Fig. 4. Diagram showing the attachment-plate with a small piece of the regular 
intima at either end. This figure shows the effect of certain stains sharply marking 
the edge of the plate, but the color gradually disappears at the regular intima. 
Diagram. Fig. 5. Small part of a transverse section from an immature hopper 
after ecdysis. The cells of the regular gland and a few from the interglandular 
portion are shown. The cast intima shows the old plate, and the new one which 
has just been formed in its normal position; each has a small part of the intima 
attached at either end. Between the glandular and the interglandular epithelium 
strands of connective tissue can be seen connected to the inner surface of the new 
plate. Two nuclei, NH YP, are shown; these are modified epithelial cell nuclei 
taking part in the secretion which formed the new attachment-plate. X 940. 
Fig. 6. A small part of the regular glandular epithelium and one-half of the 
interglandular portion between two glands. The connective tissue nuclei between 
these two parts show fibrils going to the inner surface of the attachment-plate. 
From a transverse section of a mature specimen with expanded rectal sac. X 940. 


KEY TO PLATES 
The camera lucida drawings were made upon a table the same height as the 
stage of the microscope. Many of the figures do not show the muscles and con- 


nective tissue; these occupy the same relative position in the different figures 
and were omitted to save space. 


AP—attachment-plate. GR—granules. 
BM—basement membrane. INT—intima. 
CM—circular muscles. INT GL—interglandular part of 
CT—connective tissue. epithelium. 
D—dorsal. LM—longitudinal muscles. 
DM or SM—dilator or suspensory NU—nucleus. 
muscles. SR—striated border. 
EPTH—epithelium of rectal gland. TR—tracheae. 
EPH LAT—epithelium of lateral parts INT EPTH—interglandular part of 
of gland. epithelium. 
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each gland becomes a longitudinal ridge, papilla-like in transverse 
section (fig. 2), with its apex protruding into the lumen of the sac. The 

regular circular and the six bundles of longitudinal muscles, so often 
in ribed as present on the hind-intestine of insects, are found on the 
rectal sac of the red-legged grasshopper; a few dilator or suspensory 
muscles are present. 

As already mentioned each gland in the youngest specimens is 
divided into a median and two lateral parts (fig. 2). At the boundary 
between these parts, or between the glands and the interglandular 
regions in older hoppers, the intima is different from that covering the 
rest of the epithelium of the sac; this part will be called the attachment- 
plate or plate (figs. 2, 3, 6). Thus along the inner surface of each gland 
there are two longitudinal strips of the intima which have a slightly 
different appearance from that covering the rest of the epithelium 
of the sac. 

Before describing the attachment-plate it seems advisable to append 
a short historical review of this structure as described in other insects. 

Chun (1876), working with Diptera and other insects, showed that 
the intima covering the epithelium of the rectal sac was everywhere the 
same except that near the margins of each gland it differed from the 
other parts. These special parts of the intima, our attachment-plate, 
he called the ‘‘Chitinring’”’ and described the cells under it as similar to 
the epithelium forming the glands. Speaking of the rectal glands of 
some Hymenoptera Weil (1936, p. 471) makes the following statement 
‘“‘Am Rande verdickt sich die Intima zu einer Chitinliste, die als 
Chitinring rund um die Rectalpapillae laufe.”’ 





EXPLANATION OF PLATE II 


Fig. 7. From a transverse section of a young specimen with expanded rectal 
sac. The larger and the smaller nuclei of the epithelium are shown in an unnatural 
shape due to the great expansion of the sac. Between the intima and the striated 
border are a number of secreted (?) granules. X 940. Fig. 8. A single epithelial 
cell with connective tissue and muscles at its base. Between the apex of the 
nucleus and the surface of the gland lies the darker cytoplasm which may be 
some form of secretion. Nucleus of epithelial cell, NU. xX 940. Fig. 9. Trans 
verse section from a mature specimen showing five normal epithelial cells with 
both the regular and the smaller nuclei. In this specimen the intima is sprung 
and numerous granules are seen between it and the striated border. X 940. 
Fig. 10. Goblet cell from the epithelium of a fifth instar hopper, the outlet 
at upper end is into the lumen of the sac. X 940. Fig. 11. Goblet cell from 
a mature specimen. The rectal sac is contracted giving the cell an elongated 
form. X 940. Fig. 12. Part of the distal portion of the glandular epithelium 
hanes two of the smaller nuclei. The nucleus to the right before formation of 
the vacuole, the one to the left after the vacuole has developed. From an adult 
specimen. X 940. Fig. 13. Three adjacent goblet cells, from a first instar 
hopper. X 940. Fig. 14. From a transverse section of a young grasshopper 
showing the loop of the intima at the median part of the interglandular area, two 
circular muscles are attached to it. X 210. Fig. 15. From a transverse section 
of a young hopper showing circular muscles passing external to the loop of the 
intima, these become attached to some other one. X 210. Fig. 16. From a 
transverse section of a young grasshopper showing secondary folding of the intima 
at the loop. X 210. Fig. 17. From a longitudinal section showing attachment 
of longitudinal muscles at the loop, other muscles pass on to be attached at some 
other place. X 210. Fig. 18. From a transverse section showing the attachment 
of dilator or suspensory muscles. X 210. 
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-avlovsky and Zarin (1922) described two plates in the intima of 
each rectal gland of the honeybee and named them the marginal chitin- 
ous pellets. The group of cells under these they described as a 
“syncytial layer containing pigment inclusions.”” The syncytial nature 
of these cells was held by Petersen (1912). 

Trappmann (1923) described plates in the intima of the rectal sac 
of the bee and gave their position as the boundary between the inner, 
middle and the outer, lateral parts of the epithelium of each gland. The 
intima at these plates is yellow and thicker than that covering the 
other parts of the sac. This ‘“Chitinring’’ forms the boundary of what 
he called the ‘“‘Randzone,”’ the space between the median and the lateral 
parts of each gland. In the ‘‘Randzone’’ the cells change with the 
age of the bee and their nuclei are smaller than are those of the regular 
epithelial cells. 

Tonkov (1925) described attachment-plates, ‘“‘Kreiswulst,’’ in the 
rectal sac of some Hymenoptera and, in insects of this order, he showed 
a cavity in the epithelium under each plate and a tissue, nuclei, in its 
open part. In one of the Tettigoniidae he described the cells under the 
plates as probably nervous. 

Davis (1926-’28), in his work on the anatomy of Stenopelmatus 


fuscus, described peculiar, thin, non-staining plates in the intima of 


the rectal sac. A group of cells under each plate he called the ‘‘gland 
organ,” from these cells fibrous cords pass towards the lumen of the sac 
to become attached to the under surface of the plate (his text fig. G 
and Pl. 2, fig. 10). He was in doubt as to their use but had this to say 
about their possible function. ‘‘These organs may function as mucus- 
glands (although they do not resemble mucus tissue in other animals), 
or they may draw off excess water from the feces. This latter view 
would be a logical theory since the insect is an inhabitant of a semi-arid 
country” (p. 196). 

Hodge (1939) in his paper on Locusta migratoria figured and 
described a modification of the intima of the rectal sac. ‘‘Down one 
edge of each rectal pad the chitin is produced into two ridges, rounded 
on top, with a groove between. On the opposite edge of each pad 
there is a single ridge similar to one of the two just mentioned (his 
fig. 20, rx). These ridges are evidently capable of interlocking at 
times, thus holding the pads in contact along their edges, and tem- 
porarily closing off the narrow strips between the pads from the lumen 
of the sac’”’ (p. 382). 

Longitudinal sections through the rectal sac of a red-legged grass- 
hopper show that the plates are present throughout its entire length. 
These plates are yellowish (Trappmann, 1923) and, except after ecdysis, 
they generally are thinner than the intima covering the other parts of 
the sac. Sections stained with acid fuchsin, safranin or Janus green 
showed a thin, colored exocuticula and a thicker, non-staining, lam- 
ellated endocuticula. The parts colored by the two first mentioned 
stains showed the exocuticula red, but the plate itself had either its 
inner or outer surface colored. At the edges of the plate this colored 
part was sharply marked, but it was more diffused as it extended for a 
short distance along the regular intima (fig. 4). Tonkov (1923) showed 
that in Locusta migratoria the sections of this region, when stained with 
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Heidenhein’s iron-haematoxylin, showed the ‘“‘Kreiswulst’’ lighter than 
the rest of the intima, if stained with Giemsa it was green. 

The use of the attachment-plates is problematical. The view of 
Davis (1926-—’28) that the cells underneath the plates might be mucus- 
glands was not strongly advocated by him and, as already mentioned, 
he failed to see any similarity between these cells and the mucus-gland 
tissue of other animals. He said that a more logical view was, ‘‘to 
draw off the excess water from the feces.’” The theory of Tonkov (1925) 
that the cells below the plates are sense organs is a more likely one, but 
there appear reasons for thinking this is not the correct view. In 
Melanoplus femur-rubrum these cells are scattered and not collected 
into groups as if they were sense organs. They resemble nerve cells, 
but we doubt if they have anything to do with sensilla. An examina- 
tion of hundreds of these plates in the rectal sac failed to show pores or 
any special cuticular configurations similar to those found covering the 
sensilla of insects. These cells lying under the plates are a part of the 
connective tissue which encircles the epithelium at its base, they have 
elongated nuclei surrounded by a small amount of cytoplasm from 
either end of which protrudes a thin fibril, the proximal one joins other 
connective tissue, the distal one is attached to the inner surface of the 
plate (figs. 3, 6). The fibrils could hold the plates in their normal 
position when the intima is ‘‘sprung”’ from the surface of the glands. 

Hodge (1938, p. 593), working with Locusta migratoria, found that, 
“over the rectal pads the intima is thrown up into fantastic peaks and 
hillocks quite remote from the epithelium beneath.”” An examination 
of the red-legged grasshopper showed noticeable variations in this 
connection, some had the intima close to or touching the surface of the 
gland (fig. 3), in others it was at some distance from the cells (fig. 9). 
In these latter the intima appeared as if it had sprung away from the 
wall of the glands, but it remained attached to the plates, and, generally, 
to the interglandular epithelium, especially its central part where the 
muscles are attached. 

Tonkov (1923) suggested that the “‘springing’”’ of the intima from 
the epithelium was an artifact due to fixation as it is known that sec- 
tions of insects often show the cuticular layer removed from the cells it 
is supposed to cover. In our preparations different fixatives were used, 
but we doubt if the use of these was the only cause of the ‘‘springing”’ 
of the intima from the surface of the glands. Some of our sections 
showed the intima at some distance from the epithelium, more distant 
than if caused by fixation. 

An examination of our slides showed the following: Intima close to 
the epithelium of the gland: young 13, adult 8; intima sprung from the 
epithelium: young 13, adult 15. It appears as if this springing of the 
intima may have some meaning, if so, we do not know how to 
account for it. 

The casting of the intima of the rectal sac, as seen in three spec- 
imens, is similar to that on other ectodermal tissues of the insect’s 
body. The old intima is cast from the surface of the epithelium, it 
becomes folded, and is discharged with the feces; a new intima then 
forms over all the epithelial cells, and the new plates occupy the position 
formerly held by the old ones (Kutter, 1941). It is difficult to deter- 
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mine the source of the secretion which forms the new plates, the regular 
epithelial cells adjacent to their margin or slightly modified epithelial 
cells seen, in a few sections, mingled with the connective tissue under 
the plates (fig. 5, NH YP). 

The musculature of the rectal sac of the red-legged grasshopper is 
very similar to what has been described for other insects. In the rectal 
sac the interglandular wall consists principally of the intima and the 
reduced epithelial cells. Unless the sac is expanded the central part 
of the intima bulges into the coelomic cavity to form a small, irregular 
loop (fig. 14) which often is secondarily folded. It is to the intima at 
or near this loop that the muscles are attached. 

The six bundles of longitudinal muscles are external to the circular 
and lie opposite the central parts of the interglandular area (fig. 1). In 
transverse sections they differ in number and in the longitudinal some 
are seen to go forward to be inserted on the colon. They are attached 
to the intima of the interglandular region (fig. 17). 

Some of the circular muscles are seen to pass over and external to 
the loop of the intima (fig. 16), but how far they encircle the sac is not 
known. Other circular muscles divide, one part being attached to one 
of the loops, the other portion passing further around the sac. Sections 
show these circular muscles to be more abundant in some parts of the 
sac than in others. 

Dilator or suspensory muscles arise on the body wall and extend 
to the sac (fig. 1) where they spread out, fan-like, over its posterior 
part; not all are attached at this place as some extend back to the 
rectum and others go forward as longitudinal muscles. Four of these 
groups connect the rectal sac to the tergum, two to the sternum (fig. 1). 
Their attachment to the sac is similar to that of the other muscles 
(fig. 18). 

The epithelial layer of the rectal sac presents some interesting 
problems, one of which is the part the cells and their nuclei play in the 
use or uses of the glands. The epithelium is a continuous layer and 
forms the major portion of the wall of the sac, its intima and muscu- 
lature have been described. As already noted the cells of the glands 
are much larger and appear to be more important than those comprising 
the interglandular portion. Microscopically the most noticeable 
feature of the glands is the presence of two forms of nuclei although 
one can distinguish but a single row of cells (Minot, 1880, and others). 
Minot says, “the epithelium presents a most curious and puzzling 
aspect (his fig. 53) because there are two kinds of nuclei at different 
levels; small spherical nuclei nearest the surface, and larger nuclei of 
oval form, deeper down.’’ Faussek (1887) described the rectal sac of a 
cricket in which he gave an account of these smaller nuclei. He men- 
tioned both forms of nuclei in the epithelium, the smaller as elongated 
or egg shaped and present in the upper part of this layer of cells. These 
nuclei lie between the regular cells and many of them are surrounded 
by an elongated or rounded vacuole, ‘‘Theca.’’ He did not find the 
‘“Theca’’ opening into the lumen of the sac. “In dem Epithel der 
Rectaldruesen befinden sich ausser den cylinderfoermigen Zellen noch 
anderer Zellenelemente ‘Schleimzellen, Leydig’sche Zellen’”’ (p. 711). 
We are not familiar with any work which gives the epithelium of the 
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glands a double row of cells and a boundary dividing it into two layers, 
this we did not find in the rectal glands of Melanoplus femur-rubrum. 
It will be necessary to describe each of the two forms of nuclei and then 
attempt to show that the epithelium of the rectal glands is, at least in 
part, secretory, and that the smaller nuclei take part in this function. 
Besides these two forms of nuclei in the epithelium of the glands there 
are those of the tracheae, oval, and smaller than the others; these often 
appear in a curved, tandem arrangement. 

In the glandular portion of the sac the epithelial cells are large and 
elongated; in the interglandular part they are flattened and their nuclei 
are small as compared with the cells of the glands. This is the normal 
appearance, but the contraction and expansion of the sac changes the 
shape of the cells and their nuclei (fig. 7). In some specimens the cell 
boundaries are not clear, in others they are distinct and show the 
epithelium to consist of a single layer of cells. A noticeable feature 
found in many glands, is a distinctly darker part of the cytoplasm 
extending from the apical end of the nucleus to the surface of the cell 
(fig. 8). In some slides this was present in most of the cells but was 
not noticeable in any one particular part of the gland. This strand of 
darker cytoplasm is as wide as or narrower than the nucleus, but in 
either case it often widens where it touches the surface of the cell. 
The large nuclei of the glandular cells and this peculiar strand might 
indicate some form of secretory activity. 

The smaller nuclei are present in the distal or inner portion of the 
glandular epithelium, in nearly all sections and in grasshoppers of all 
ages, and they and the larger nuclei are present in all parts of the 
gland. Their general shape is circular although many are irregular in 
outline. Each has a distinct nuclear membrane but no cell boundary 
(figs. 2, 3) and they do not, like the larger nuclei, form a distinct layer 
of cells. Many of these smaller nuclei are surrounded by a vacuole 
(fig. 12) and both forms are seen in the same section. This is the general 
appearance of these smaller nuclei under the lower powers of the 
microscope, but when those surrounded by a vacuole are examined under 
the higher powers, especially an immersion objective, a few show a 
duct leading from the vacuole into the lumen of the sac; these are the 
goblet cells (figs. 10, 11, 13); briefly, their history is as follows: 

The following account of the formation of these goblet cells is not 
from an embryological study but in the nature of a theory. If they 
were found only in mature hoppers it would be possible to study their 
development by exé mining young hoppers of different instars, but they 
were found in first instar and other specimens and material was not 
present for an embryological study. A clear vacuole appears around 
the nucleus (fig. 12), this increases in size and begins to show a granular 
content. Later a tube pushes out from the vacuole towards the surface 
of the epithelium to reach and open into the lumen of the sac. This 
tube is developed from and lined by the wall of the goblet cell, not by 
the intima covering the epithelium. These goblet cells are scattered 
throughout the distal area of the glandular epithelium in both young 
and mature hoppers, never abundant, but two or three were seen close 
together (fig. 13). Goblet cells are present in specimens which were 
fixed as soon as they were brought from the field, also in two young 
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hoppers kept without food for two days and another for three days 
before being killed and fixed. 

Are the cells of the rectal glands secretory? In an endeavor to 
answer this disputed question a few conclusions might be brought 
forward in an attempt to prove the secretory nature of these epithelial 
cells. The regular cells with their large nuclei make up the main 
tissue of the glands and have the appearance of being active in some 
way. In both young and adult hoppers these cells showed the cyto- 
plasm between the apical end of the nucleus and the free surface of the 
cells to be different from its other parts, this was noticeable in sections 
treated with haematoxylin and other stains. It would appear that 
this darker part of the cell might be of a secretory nature and the 
secretion produced, upon reaching the surface of the cells, could be 
poured into the lumen of the rectal sac. 

In some sections numerous granules were present between the sur- 
face of the gland and the intima (figs. 7, 9). Abott (1926) says: ‘‘There 
appears to be a secretion of some sort formed under the intima of the 
rectal glands.’’ Similar granules were present in the red-legged grass- 
hopper when the intima remained close to the gland (fig. 7), or when 
it was ‘‘sprung”’ (fig. 9). The granules had a slightly orange tinge when 
stained with Congo red and were colored by safranin. Whether these 
small droplets were some secretory product which had not as yet 
passed through the intima into the lumen of the sac, or an artifact, is 
not clear from a microscopical examination. 

The noticeable presence of an abundant supply of tracheae in the 
epithelium of the rectal glands has been noted by other workers. Hav- 
ing studied all parts of the alimentary tract of this grasshopper, 
especially the midintestine, we are certain that tracheae are more 
abundant in the epithelium of the glands than in any other part. Their 
abundance would presuppose some extra activity. 

The presence of goblet cells opening into the lumen of the sac would 
be an argument in favor of secretory activity and naturally bring up 
the question of the use of secretions so near the posterior end of the 
intestine. Digestive secretions come primarily from the salivary 
glands and the midintestine, and it would be natural that nourishment 
should be well extracted from the food before it reached the rectum. 
It has been held that a final absorption of nourishment does take place 
in the sac. If this view is correct, it would account for one function of 
any secretion coming from the rectal glands. 

Many different views have been advanced to explain the function 
of the rectal glands of insects and those interested in the subject will 
find good historical reviews and bibliographies in papers by Wiggles- 
worth (1933) and by Engel (1924). In a general way these theories 
may now be divided into two groups, the first has to do with secretion, 
the second with the absorption of water from the excremént; but these 
views do not cover all the theories advanced by various workers to 
account for the function of these glands. Davis (1926-’28) in writing 
of the cells of the gland organ, a part of the rectal sac, says, ‘“‘they may 
draw off excess water from the feces.’’ Wigglesworth (1933) gives as 
the function of the rectal glands to ‘‘absorb water from the excrement 
before it is discharged.’’ The following is from Sayce (1898). ‘‘The 
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insoluble residue passes into the rectum, where mucus, secreted by the 
cells of the longitudinal rectal glands is mixed with it and the contents 
ejected.”” “Durch das Epithel der Papillen (rectal glands) wird 
Kohlensaure aus den Blute entfernt”’ (Engel, 1924, p. 532). 

Several of the more common fixatives were used in preparing the 
rectal sac, and the slides, in greater part, were stained with Haematox- 
ylin, Delafield and Harris, and Heidenhein’s iron-haematoxylin; many 
were followed by counter stains. Young and adult grasshoppers were 
abundant and all specimens were treated in the following manner. 
Each hopper was killed by decapitation, the abdomen cut open, the 
rectal sac cut out and placed in the fixative where it remained until 
transferred to alcohol. Sections were prepared by the usual paraffine 
method. 
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In the study of the natural control of insect pests entomologists 
are confronted with the difficult problem of appraising and comparing 
various mortality factors as control agencies. There are probably 
few economic entomologists or ecologists who will deny that the per- 
centages of mortality produced by different mortality factors do not 
clearly indicate the relative importance of those factors in the determina- 
tion of resultant population densities. Thompson (1928) discussed the 
evaluation of control agents and suggested that it would be necessary 
to procure an estimate of the mortality for which the factors were 
indispensable, to determine their values. He presented methods for 
calculating theoretically the ‘‘indispensable mortality” attributable 
to a factor, assuming that all mortality from all factors could be 
measured in all the different developmental stages. It would seem 
impractical, even if possible, actually to measure all the mortality 
that occurs in the different developmental stages or the population in 
each stage, but the basic idea of the ‘‘indispensable mortality”’ 
attributable to a factor may have considerable value. 

The purpose of this paper is to point out why percentages of mortality 
are inadequate as measures of the reduction value of control factors and 
to present a convenient measure for appraising and comparing the 
effects of different mortality factors. Perhaps through the study of the 
relative reduction values for the different factors over a period of years, 
along with additional data on population densities, some evaluation can 
be made of the different factors as control agents. 


DEFINITIONS 


Before proceeding to discuss the effectiveness of mortality factors 
as reduction and control agents it is necessary to define a few terms. 

Original population is the population in any given area at the 
beginning of one life cycle, w hich is usually the egg stage. Apparent 
mortality is the proportion of the existing population that died. Aggre- 
gate percentage of mortality and real mortality refer to the percentage of 
the original population that died. Population density is the numerical 
status of the insect at any one time. The reduction produced by a 
mortality factor is the influence of the mortality effected by that factor 
during the development of the progeny from the egg to the adult stage. 
The regulation effected by a factor is the extent to which the factor 


‘The author is grateful to the many - who have read and criticized the 
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affects the population density over a series of generations or years. 
Control is commonly used to denote two different things, either the 
status of an insect when the population density is below that necessary 
to cause significant economic damage or the condition when the insect 
is prevented from making further increase irrespective of the population 
density. It is used in the former sense in this paper. 


EARLIER INVESTIGATIONS 


Howard and Fiske (1911, p. 116) pointed out that ‘‘A 50 per cent 
parasitism of the eggs . . . followed by another 50 per cent parasitism 
of the caterpillars, could not by any possibility be considered as resulting 
in 100 per cent parasitism or complete extinction, but only in 50 per 
cent parasitism added to 50 per cent of what remained, which amounted, 
in effect, to 25 per cent of the whole. In this manner an aggregate 
of 75 per cent only in secured.’’ Following this concept Thompson 
(1928) and others have published papers on the natural control of 
insects and have used the fractions of the original host population that 
were destroyed by different factors to indicate the relative importance 
of the different factors as control agents. This procedure makes it 
possible to combine mortalities that occurred in different stages. For 
example, the total parasitization in the egg, larval, and pupal stages 
can be obtained and compared with the mortalities from other factors 
in one or more stages. However, when mortalities are combined in 
this manner, sight is lost of the apparent mortality, and emphasis is 
placed on the population density at the time when the mortality 
occurred. 

Nicholson (1933) concluded, and Smith (1935) agreed with him, that 
‘‘If an attempt is made to assess the relative importance of the various 
factors known to influence a population, no reliance whatever must be 
placed upon the proportion of animals destroyed by each. Instead, 
we must find which of the factors are influenced, and how readily 
they are influenced, by changes in the density of animals.’’ Certainly, 
mortalities combined in the manner proposed by Fiske and others 
are of doubtful value when used alone as indices of the effects of the 
mortality factors in reducing the abundance of an insect. Further- 
more, they are likely to be misleading and actually to obscure the true 
effects of the factors as control agencies, as is shown by the examples 
given later in this paper. 


PERCENTAGES OF MORTALITY DO NOT CLEARLY SHOW THE IMPORTANCE 
OF THE RELATIVE NUMBER OF INSECTS THAT ESCAPE DEATH 


The insects that escape death from the mortality factors are the ones 
that are important from the standpoint of potential increase, or of 
immediate damage. Of course, the developmental stage in which 
the mortality occurs is important from the standpoint of feeding or 
damage by the individuals of that generation, and there is also a limited 
amount of feeding by parasitized or poisoned individuals that will die 
before completing their development. 

Examples will be given first to illustrate that percentages of mor- 
tality do not clearly show the relative influence of different degrees of 
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mortality in reducing the number of survivors, or the survival 
population. 

Let it be assumed that tests have been made with certain insecticides 
and the following information obtained when 1,000 insects were used in 
each test: Insecticide A killed 50 per cent, or 500 insects; insecticide B 
killed 90 per cent, or 900 insects; insecticide A plus a third material, C, 
killed 55 per cent, or 550 insects, and insecticide B plus a fourth material, 
D, killed 95 per cent, or 950 insects. Both materials C and D increased 
the kill 5 per cent, or 50 insects each, but the addition of C reduced the 
survival population from insecticide A alone only one-tenth, whereas 
the addition of D reduced the survival population from insecticide B 
alone by one-half. Therefore, in terms of the survival populations, or 
the insects left to cause damage, the addition of D was relatively more 
effective than the addition of C, even though each increased the 
mortality by 5 per cent, or killed 50 additional insects. 


TABLE I 


PERCENTAGES DESIGNATED AS MORTALITY THAT ARE REQUIRED TO REDUCE 
DIFFERENT POPULATIONS TO THE SAME SURVIVAL POPULATION LEVEL 











Per Cent Survival 

Population Mortality Population 
1,333. ... ‘ #0 25 1,000 
Oss os 3 b50ie'es 50 1,000 
5,000 80 1,000 
20,000 95 1,000 
100,000 99 1,000 
200,000 99.5 1,000 
500,000 99.8 1,000 
1,000,000 | 99.9 1,000 





The same thing is illustrated in a more extended way by the data in 
Table I. These data show that small increases in percentage kill are 
relatively important when high percentages of mortality are involved 
and that they are of negligible importance at low percentages of 
mortality. An increase of only one-tenth of 1 per cent, 99.8 to 99.9 
per cent, in the mortality is sufficient to take care of the added 500,000 
in a population of 1,000,000. Stated differently, the increase of one- 
tenth of 1 per cent mortality at the 99.8 per cent level reduced the 
survival population 50 per cent, 2,000 to 1,000. A similar increase at 
the 25 per cent level would have had a relatively negligible effect on 
the survival population, even though it killed the same number of 
individuals at both levels. This means that in terms of the survival 
population a 1 per cent increase in kill at the 95-per cent level would 
have a greater relative effect on the survival population than a 1 per 
cent increase in kill at the 50 per cent level. In other words, percentages 
of mortality have cumulative values, and are therefore of unequal 
value, if viewed in the light of the survival population, which is the 
potentially important population. 
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THE USE OF THE MORTALITY SURVIVAL RATIO AS A MEASURE OF THE 
RELATIVE EFFECT OF THE MORTALITY ON THE 
SURVIVAL POPULATION 


If the number or percentage of the insects killed in any stage, or at 
any time, is divided by the number or percentage of the insects that 
escaped death, the number thus obtained represents the relative reduc- 
tion in the survival population produced by the mortality. This ratio 
indicates the reduction per individual survivor and the effect of the 
reduction on the survival population in practically the same way that 
per cent increase indicates the relative effect of a certain treatment on 
the yield of the same crop. For example, if the mortality/survival 
ratio were multiplied by 100 and expressed as a percentage, it would 
represent the per cent increase in the survival population which was 
prevented by the mortality. 

Perhaps the following example will help to show that the 
mortality/survival ratio indicates the relative effect of the mortality 
in the reduction of the abundance of an insect. Let it be assumed that 
a particular insecticidal treatment was applied to 1 of 2 similar fields of 


TABLE II 
RELATIVE EFFECT OF THE MORTALITY IN DIFFERENT STAGES 
ON THE ADULT POPULATION 








Numerical 
Reduction in 
Develop- Mortality the Adult 
mental Popula- Per Cent Per Cent Survival Population 

Stage tion Mortality | Survival Ratio Attributable 

to Each 

Mortality 

100,000 ) 192 
Ist larval. 40,000 32 
2nd larval... 32,000 512 
3rd larval... 6,400 9. 2,432 
Pupal.... 320 ; 192 
FOE. So 128 




















Survival = 0.128 per cent or 128 adults. 
Mortality = 99.872 per cent. 


potatoes, both of which were infested with approximately the same num- 
ber of a particular insect pest, and that shortly thereafter counts were 
taken of the number of living insects present in both fields. Suppose 
it were found than 5,000 living insects were left per acre in the field 
where the treatment was made and 50,000 living insects per acre in the 
check field. The 45,000 insects eliminated per acre by the treatment 
represent 90 per cent of the 50,000 insects present per acre in the 
untreated field, and the mortality/survival ratio for a 90 per cent 
mortality (90/10) would be 9, which is the relative reduction in the 
survival population attributable to that mortality. 

Table II illustrates the use of the mortality/survival ratios in 
estimating the effect of different mortalities in the reduction of the 
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number of individuals that reach the adult or reproductive stage. The 
figures in column 5 indicate the relative reduction in the number of 
survivors in each stage, and the figures in solumn 6 indicate the numerical 
reductions in the adult population attributable to the mortality in the 
different stages. These figures would be correct if it could be assumed 
that if the individuals had not died at the time indicated, the same 
percentage of them, as well as of those that escaped death from the 
risk, would have died before reaching the adult stage as when the par- 
ticular mortality occurred. The numerical reductions indicated in 
column 6 were obtained by multiplying the final adult population by the 
mortality/survival ratio for each stage. 

The above assumption is probably not true exactly,? but perhaps 
it is the most feasible assumption to make in regard to the mortality 
by most factors without having experimental data to show how much an 
increase in the survival in one stage affects the mortality and survival 
in succeeding stages. This assumption is in accord with the ideas of 
Thompson (1928) and many others concerning the effects of mortality 
factors that are not affected by the density of population. Thompson 
suggested formulas for calculating the amount of mortality for which 
density-independent and density-dependent factors are ‘‘indispensable.”’ 
He presented the ‘‘indispensable”’ mortality as a fraction of the original 
population, however, and used it to more or less minimize the effects of 
any one factor, to show that ‘‘ the factors which disappear are 
to a large extent automatically replaced by those which follow them... He 
concluded that ‘‘. . . .one may thus have relatively large fluctuations in 
the apparent mortality by the controlling factors without any very noticeable 
change in the progress of events.’’ This viewpoint is entirely different 
from that which is the basis of this paper, which suggests that fluctua- 
tions in the apparent mortality by a factor may have a tremendous 
effect on the survival population. The writer, however, has essentially 
the same concept of the ‘‘indispensable” mortality attributable to 
mortality factors as that suggested by Thompson, and it is a basic part 
of the mortality/survival ratios, as can be seen from Table II. 

It can be seen from Table II that a 60 per cent mortality in the egg 
stage has the same effect on the adult population as a 60 per cent 
mortality in the pupal or any other stage. This means that the effect 
of a given mortality on the adult population is independent of the 
stage or population density when it occurs, on the basis, of course, of 
the assumption previously stated. Therefore, the mortality/survival 
ratio will indicate the relative effect of a given percentage of larval 
mortality on the adult population, even though the original egg popula- 
tion, the final adult population, or even the larval population at the 
time when the mortality occurred, are unknown. This, of course, is 
very important since it is practically impossible to measure the actual 
numbers of an insect in all its developmental stages, but it may be 
fairly easy to procure samples that will give an estimate of the proportion 
of the population that is parasitized, or affected by some other factor, at 
any time, or in any developmental stage. 

*Actually, an increase in the population density would probably affect the 
mortality rate, as well as the number of individuals killed by the factors present. 
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THE COMBINING OF MORTALITY/SURVIVAL RATIOS 


Mortality/survival ratios can be readily combined to show the total 
effect of the mortality by a factor in two or more stages on the survival 
or adult population, but it is slightly more complicated than simply 
adding the ratios together. The manner in which they can be com- 
bined will be illustrated from the data in Table II, calling the 
mortality-survival ratios in column 5, from top downward, A, B, C, D, 
and E: 

Egg mortality plus first larval mortality equals 
A+B+AB =2.125. 
Egg mortality plus pupal mortality equals 
A+E+AE =5.25. 
Egg mortality plus first larval mortality plus pupal mortality 
equals 
2.125+1.50+3.1875 = 6.8125. 


At the end of the egg stage there was a survival of 40 per cent. Of 
this 40 per cent, 20 per cent died. The resulting survival was 32 per 
cent. The mortality survival ratio would therefore be 68+ 32, or 2.125. 
If parasites had produced all the above mortality in the egg and pupal 
stages, and none in the larval stages, the effect of the parasites might be 
considered to be 5.25. Furthermore, if these parasites had not been 
present there would have been approximately 5.25128, or 672 more 
adults produced. 

Collections are frequently made of various insect pests, and the 
insects reared or dissected to determine the degree of parasitization in 
one or more developmental stages. From such data conclusions are 
often drawn concerning the probable value of parasites in the control 
of these pests. An example of some field data of this type is given in 


Table III. 


TABLE III 


Gypsy Morn EGG AND LARVAL PARASITIZATION BASED ON THE EXAMINATION 
AND DISSECTION OF THE COLLECTIONS MADE IN ONE OF THE STUDY 
PLots AT PETERSHAM, MaAss., IN 1939 


PLot H 
3 ioe a _| Mortality 
Collection | Survival 
Date Number of Eggs | Per Cent | Ratio 
or Larvae in Parasitized | 
Collection 


| 
| 


Egg May 3 13,826 
Larval | June 9 412 
Larval June 22 221 
Larval July 5 49 
Total effect 


Without knowing what the population was on the different dates it 
would not be possible to estimate the ‘“‘indispensable mortality” 
attributable to these parasites in the manner described by Thompson 
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(1928). By converting the data into their mortality/survival ratios, 
however, the relative reduction effects of the parasites are obtained 
for each collection date, and they may be readily combined. If all 
parasites had been absent, and the other mortality factors had accounted 
for the same percentage of the population as they did in the presence of 
the parasites, the survival population would have been increased by 12 
times, or the survival population would have been about 13 times what 
it was with the parasites present. 

In most instances more than one parasitic species, or even groups of 
species, attack an insect pest during its development from egg to adult, 
and some of the hosts will probably contain more than one species of 
parasite. To estimate the probable relative reduction value of the 
different species from samples of the living host population which 
indicate the proportion of the population that contained the different 
parasites, it is necessary to consider the proportion of the population 
each parasite, or each group of parasites, would have killed in the 
absence of the other parasites. The mortality/survival ratio gives a 
direct measure of this when the mortality represents the hosts that 
contain parasites and the survival represents those that escaped 
parasitization. This implies, of course, that those that contained 
parasites would have been killed eventually by them. 

Table IV gives some theoretical data and illustrates the use of the 
mortality/survival ratios in appraising different parasitic species, or 
groups of parasitic species, as reduction agents. 


TABLE IV 


THE EstIMATED EFrect OF DIFFERENT GROUPS OF PARASITES ON 
SURVIVAL TO THE ADULT STAGE 








Per Cent of Population Para- | Mortality/Survival Ratios for 
° sitized by Parasites of the Parasites of 
otage NIA iat Se Be aie Ba 
| | | 
| Group | Group | Group | -»_,., | Group | Group | Group | -, 
| ( | Cc | Total | A B C Total 
—_ | | | | | 
Egg ..) 879 | 0 | 111 | 60 | 1.3751] 0| 0.125 | 1.500 
Ist larval 1 Shae 5.8 59 | 20 0.125 | 0.062 | 0.063 0.250 
2nd larval | 42.9 | 20.0 75.0 80 | 0.751 | 0.250} 3.000 4.000 
3rd larval... 37.5 94.7 | 28.6 | 95 0.600 | 18.000 0.400 | 19.000 
Pupal ; | 31 | ata | 50.0 | 60 0.125 0.375 | 1.000 1.500 
Total reduc-| 
tion effect .|..... }......--[...--.--| 99.872 | 7.416 | 33.681 | 12.394 |780.250 
Parasitized equals. 99.872 per cent 
Nonparasitized equals 0.128 per cent 
99.872/0.128 equals. . 780.250 


Let it be assumed that the parasitization in each stage was deter- 
mined from a single sample from the living population, and that the 
samples were taken at sufficient intervals so that the parasites present 


'These mortality/survival ratios are assumed to be the same as those in Table 
V, even though 'the percentages of parasitization are not carried to a sufficient 
number of decimal places to show that they are identical. 
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at the time each sample was taken killed their hosts prior to the taking 
of the sample in the next stage. On the basis of these samples, the total 
reduction effect of each group of parasites would be represented by the 
figure at the bottom of columns 6, 7, and 8. 

Note that it is assumed that the parasites attacked the hosts indis- 
criminately irrespective of whether they already contained a parasite of 
another group. That, of course, is more or less the way it normally 
occurs in the field, which results in many host individuals receiving more 
that one parasite. 

Table V gives some similar theoretical field data based on samples of 
dead hosts that died in the different developmental stages. Let it be 
assumed that the dead hosts were examined to determine the probable 
cause of death, and that the data are stated in terms of the proportion 
of the hosts that were apparently actually killed by different factors, 
rather than the proportion of the hosts that probably would have been 
eventually killed by them. 


TABLE \V 


THE EstTIMATED EFFECT OF DIFFERENT MORTALITY FACTORS ON 
SURVIVAL TO THE ADULT STAGE 


| Proportionate Part | 
Per Cent Mortality by | of Total Ratio Total 
| Popula- | o : 5 | Ratio 

Stage tion | Para- tp eit Dis- | Para-|Preda-| Dis- | 
| sites | tors | eases sites | tors | eases | 





aH 

Total 
seth eed 

TNO kates | 100,000 

Ist larval......} 40,000 

2nd larval | 32,000 

3rd larval... 6,400 

POOR. 666 0504] 320 


55 
10 
15 60 80 | 0.750| 0.250) 3.000} 4.000 
3 00 2 95 | 0.600 | 18.000) 0.400 | 19.000 


| | 5 | 60 | 1.375 ~0| 0.125) 1.500 
5 | 15 | 60 | 0.125} 0.375] 1.000| 1.500 
| 
wf, Sener: 


5 20 | 0.125} 0.062) 0.063} 0.250 





| 

| 

Adult..... 128 | 
| 

| 

| 

| 


99.872! 7.416 | 33. 681 12. 304 780.250 








The mortality /survival ratios given in columns 7, 8, and 9 of Table V 
at first sight may appear to be incofrect, but a little study will reveal 
why they have the values assigned to them. For example, a total of 
25,600 larvae died in the second larval instar from parasites, predators, 
and diseases, or 15 per cent from parasites, 5 per cent from predators, 
and 60 per cent from diseases. These numbers or percentages represent 
the mortality in that stage and no doubt many of the larvae killed by 
predators and diseases contained parasites, and likewise some of the 
larvae killed by predators were probably infected with disease organ- 
isms. Since these factors do not act in a sequence, but all of them may 
be more or less active throughout the stadium, the total effect of all 
factors is essentially the same as if all the mortality had been caused 
by one factor. For instance, it might be logical to assume that either 
the parasites laid eggs in about the same percentage of the eggs classed 
as diseased as in those classed as nondiseased, and that the disease 
organisms were present in about the same percentage of the parasitized 
eggs as in the nonparsitized eggs, or else to assume that the parasites 
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avoided or tended to avoid diseased eggs for oviposition and that the 
disease organisms were less successful in the parasitized than in the 
non-parasitized eggs. In either case a higher percentage of the eggs 
available to the parasites or disease organisms for successful develop- 
ment would be attacked by them than the percentage of the population 
killed by them. Consequently, the mortality/survival ratio for para- 
sites in the egg stage is found to be 1.375 by dividing the mortality 
from parasites by the survival in the stage (55/40 equals 1.375), and in 
a similar manner the mortality/survival ratio for disease is found to 
be 0.125 (5/40). 

These mortality/survival ratios for the different factors indicate 
that the relative effect of the predators in the above example was over 
four times that of the parasites and nearly three times that of the 
diseases, which answers the question as to the relative effectiveness of 
the different factors in reducing the adult population.! 

The total effect of a mortality factor in terms of its relative per- 
centage equivalent can be obtained from its mortality/survival ratio 
by dividing the ratio by the ratio plus 1, and multiplying the quotient 
by 100. For example, the mortality/survival ratio of the parasites 
was 7.416 as cited in Table V and 7.416 divided by 8.416 (7 .416+1) 
equals .8812, or 88.12 per cent. This means that if each of the factors 
had been capable of taking the same proportions of the host in the 
absence of the other factors as they took when they were present, 
parasites alone would have killed 88.12 per cent, predators 97.12 per 
cent, and diseases 92.53 per cent. 

Relative reduction values of different factors during one generation 
or season do not necessarily represent the so-called relative ‘‘regulation 
values” of the factors, but the relative reduction values obtained over 
a series of years and at different population densities can probably be 
used as a basis for the evaluation of the different factors as control 
agents. 

SUMMARY 

Percentages of mortality as such are inadequate for appraising 
and comparing mortality factors as control agents of insects. 

Mortality/survival ratios may be useful measures of the relative 
effects of control agents in the reduction of insect populations. 

Mortality/survival ratios, as determined for one or more factors 
which produce mortality in two or more stages in the development 
of an insect, can be readily combined to procure an estimate of the 
total effect produced by the factor or factors. 

In a study to determine the relative effects of different mortality 
factors in the regulation of insect populations, the population density 


\In the evaluation of toxicants in the laboratory, biologists can usually obtain 
a linear relationship between dosage and kill by plotting per cent response directly 
against dosage of toxicant on logarithmic-probability coordinates, or by the 
transformation of the percentages of mortality into probability (standard devia- 
tion) units, or probits, and plotting against the logarithm of the dosages. A 
similar relationship can be shown by plotting the logarithm of the mortality/sur- 
vival ratio against log dose. Therefore, these ratios can be used to determine 
the slope of dosage-response curves and similar curves—for example, data rep- 
resenting the effect of host density on the degree of parasitization. 
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should be determined as frequently as practical. However, estimates 
of the proportion of the population killed or affected by a particular 
factor are often obtained without procuring an estimate of the popula- 
density. Mortality/survival ratios derived from estimates of the 
proportion of the population killed may indicate the relative effects of 
different factors in the reduction of the abundance of an insect in a 
single generation, even though no estimates are obtained of the popula- 
tion of the insect when the factor or factors operated. 

Even though the interaction of mortality factors complicates the 
problem of appraising and comparing different factors as reduction 
agents, estimates of the relative reduction effects of them can be 
procured in the manner illustrated in Tables [IV and V. 
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THE ENVIRONMENT, LIFE HISTORY AND STRUCTURE OF THE 
WATER BOATMAN, RAMPHOCORIXA ACUMINATA (UHLER) 
(HEMIPTERA, CORIXIDAE), by MEtvin E. GrirFitH. University of 
Kansas Science Bulletin, Vol. XXX, No. 14, pp. 241-365, plates 
XVI-XXVIII, June 15, 1945. 

One rarely encounters a study of a single species of insect as exhaustive as 
Dr. Griffith’s. It seems highly probable that he knows more about the bug than 
it knows about itself! Certainly he shares his knowledge much more pleasantly, 
for he writes not only clearly but beautifully. Our language can be beautiful, 
even though scientific articles all too often fail to reveal it at its best, but even in 
scientific writing there are opportunities for true literary quality. The pasture 
pond seems scarcely a poetic inspiration, but in it Dr. Griffith sees that ‘‘the 
waking abundance of spring is followed by the hard restrictions of summer drought. 
The turmoil of struggle for preservation is cramped and desperate as the water 
subsides to barren mud. Revival comes with autumn rains,but these are followed 
by the ordeal of winter freezes.’’ At that point the reviewer’s paper knife came- 
out and he proceeded to browse with keen enjoyment through many of the remain 
ing pages. 

Of necessity a study of structure is intensively factual. It is of interest 
chiefly to specialists, but even here the author includes penetrating comments 
on functional values which enhance his account. This part of the article deals 
chiefly with external morphology. It is illustrated with numerous excellent 
drawings making up all but one plate and a portion of another. 

In the part of the article dealing with environment and life history the writer 
contributes observations of general biological interest which bear witness to his 
long hours of careful observation. Here he makes use of the opportunity to see 
beyond simple facts. Unanswered questions are raised and discussed, notably 
in the strange habit of oviposition on the bodies of crayfishes, while others, such 
as the obscure significance of observed feeding habits, have been subjected to 
careful investigation. 

As a doctoral dissertation, Dr. Griffith’s article is of unusually high quality 
which should preface an enviable scientific career.—A. W. L. 











THE COMBINED EFFECTS OF GENETIC AND ENVIRON- 
MENTAL VARIATIONS UPON THE COMPOSITION 
OF COLIAS POPULATIONS! 


WILLIAM HOVANITZ, 


Laboratory of Vertebrate Biology, 
University of Michigan, Ann Arbor 


The butterfly, Colias chrysotheme, is distributed over most of North 
America. In this area, it is represented by two physiological races or 
‘‘hybridizing-species,”” by a number of geographical races and by 
numerous seasonal or ecological forms. These varieties are most 
easily differentiated by means of color, pattern and size characteristics 
of the wings of the adults. 

The variations of color, pattern and size in wild populations of 
Colias may be classified by the two types generally indicated by the 
terms ‘‘environmental” and ‘‘genetical.’”’ These terms, however, should 
not convey two sharply set-apart functions; no organism can live 
without both the heredity and the environment. An organism develops 
by various responses to its environment. Its ultimate form may be 
different in the response to different inducing agents. This is an 
example of an ‘“‘environmental” variation. Or, the ultimate form may 
be altered by response to hereditary induction with no change in the 
environment. This is an example of a ‘‘genetic” variation. Both 
kinds of induced variations are common in Colias. In combination, 
they are responsible for a great diversity of adult types in wild 
populations. 

The essential parts of the Colias chrysotheme pattern colors and wing 
size and shape have been compared for the purpose of determining the 
direction of response of a particular pattern element when a change is 
induced by different known agents. More exact quantitative measure- 
ments of the variation have not yet been attempted. The inducing 
action of some hereditary agents have been studied previously (Hovanitz, 
1944a). The action of a few more are mentioned in this paper but this 
paper is primarily concerned with the specific actions of the environ- 
mental agents. It is possible to analyze the role of the different 
variation-inducing agents in shaping the composition of wild popula- 
tions by determining their influence as units and then by combining 
the known effects. 


THE COLORS OF COLIAS 


Five major pigment colors make up the pattern of Colias adults; 
not all of these are always present in any one individual. (A sixth 
pigment is present, but quite likely it is only a slight variant of one of 
these.) In addition to these pigment colors, two types of structural 
or iridescent colors are discernable. 


'This paper has been cited in pre-publication form as ‘‘The pattern elements 
of the North American Colias of the chrysotheme group.”’ 
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The pigment colors may be grouped into the melanin (Group One) 
pigments and the pterine (Group Three) pigments as in a previous 
paper (Hovanitz, 1941). The melanins in Colias are always black, 
never gray, brown or any similar variation as is found in some other 
insects. The part played by the melanin in the formation of the pattern 
complex will be considered later. For a review of the chemical nature 
of melanin see Wigglesworth (1939). 

The pterine pigments present a wide range of colors from pure white 
through yellow and orange tored. The chemical nature of the pigments 
has been rather thoroughly studied by a group of German investigators 
(Wieland, et al, 1933-37). According to Cockayne (1924), these 
pigments do not fluoresce when exposed to ultra-violet light though 
most butterfly pigments apparently do so. They were once thought 
to be very closely related to uric acid in metabolism (Hopkins, 1896), 
but despite their chemical similarity this is not now believed to be true 
(Wieland, et al, 1933-37). The lighter colored of the pigments are 
indicated as oxidation products of the more darkly colored. In 
Colias of the chrysotheme group, four distinct colors are present, there 
being but little gradation between them. These are white, yellow, 
orange and red. The distribution of the pigments as part of the Colias 
pattern will be considered below. 

A reddish-brown pigment is found which may be merely a modified 
red pterine, or a mixture of this red with melanin, or may be of an 
unknown classification. 

One of the structural colors is a silvering of a small portion of each 
wing due apparently to the altered light reflection from structurally 
different scales in the area. The other structural color is a bluish or 
violet iridescence present over the surface of the scales in some indi- 
viduals. The causes of iridescent colors have been studied by Onslow 
(1923). 

Slight amounts of anthocyanin pigments derived directly from host 
plants may be present upon the wings (Ford, 1942) but exert such slight 
influence upon the pattern that these pigments will henceforth be 
omitted from this discussion. 


THE PATTERN MODEL 


There is no uniformity in the names given homologous pattern 
elements in different species of butterflies. However, since Colias 
(Pieridae) differs so thoroughly from the nearest butterflies studied 
(Nymphalidae, Morphidae, Brassolidae; Schwanwitsch, 1924-30, and 
Suffert, 1927), it has been impossible to determine homologies. Never- 
theless, no confusion can arise on this account for the elements in 
Colias are different and very simple as compared with those of the 
‘*Nymphaloids.” 

The sexual dimorphism in pattern color and pattern design is striking 
in the chrysotheme group of Colias. The basic distinction between these 
types lies in the double row of stripes along the outer margin in the 
female which is represented only by a single stripe in the male. In 
color, the sexes may be strikingly different (i. e., orange male and white 
female) or may differ only in the intensity of the same pigmentation 
colors. 
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A prototype or model of the female pattern is illustrated (fig. 1). 
The male type may be derived from the female by a loss of two pattern 
elements (fig. 2). The change from female type to the male may be 
derivable by a reverse change. Therefore, female type will suffice as 
prototype for both sexes since in it are recorded all the components 
of the Colias pattern. 


NIOYWHW B3ILNO 





Fig. 1. The pattern elements of Colias chrysotheme as illustrated by the 
female. Numbers indicate border cell beginning from the inner angle.F, fringe; 
PM, primary margin; JZ, interzone; SM, secondary margin; PZP, primary zone 
of pterines; BM, basal zone of melanin; DCS, discal cell spot; W1, W2, M3, M4, 
arcs through PZP; ACS, anterior cell spot. A and B are dorsal or upper surface; 
C and D are ventral or under surface. A and C are fore wings; B and D are 
hind wings. 


The wing is more or less triangular in shape. The three angles are 
known as the basal angle (where the wing joins the body = base), the 
apical angle (the. outer anterior angle = apex) and the inner or anai 
angle (the outer posterior angle = tornus). The sides of the triangle 
are the costal margin ( = costa) on the anterior side, the outer margin 
( = termen) on the proximal side and the inner margin ( = dorsum) 
on the posterior side. 

For the terminology of the parts of the wing, Schwanwitsch’s 
nomenclature (taken from Kusnezov, 1915) is considered the most 
convenient for descriptive purposes. In this the veins are designated 
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by numbers starting from the posterior portion of the wing as is shown in 
the figure, rather than by names. Each border cell is numbered 
according to the vein enclosing it on the posterior side. Thus, the cell 
between veins one and two is the first cell, the cell between veins two 
and three is the second cell, and so forth. For purposes of pattern 
description, the narrow cells on the fore wing between the costal and 
subcostal veins are of no importance and the entire area will be known 
as the costal region. This is also true for the portion of the hind wing 
normally overlapped by the fore wing. The enclosed cell is the discal 
cell. The pigment spot at the distal portion of the cell is known as the 
discal cell spot or more briefly as the cell spot. On the fore wing, it 
covers portions of the discal cell and the border cells 4 and 5. On the 
hind wing, it is divided into two parts, the anterior and the posterior. 


Fig. 2. Photograph of male marginal pattern (orange-race) taken with 
color-blind film. On left is individual bred at 30° C., on right at 20° C. 


Often the anterior spot is absent. The posterior spot covers portions 
of the discal cell and border cell 4. The anterior covers a portion of 
border cell 5. They are separated by vein 5. The discal cell spots on 
both wings are composed of several elements to be described below. 

In a transverse direction on the upper surface, the wing is divided 
into zones determined by pattern elements or by the branching of 
veins. Proceeding from the outer margin proximally, the first zone is 
the fringe (F). This is essentially one layer of scales, extending beyond 
the cuticula on the outer margin and a narrow area on the outer margins. 
It is apparently always absent on the inner margin of the fore wing. 
The second zone is called the primary margin (PM). It extends from 
the fringe to the next zone proximally and consists primarily of melanin 
pigment. The third zone is the interzone (IZ), consisting of pterine 
pigments. The interzone is almost never continuous but is broken 
into spots separated by melanin extending from the primary margin 
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along the veins into the secondary margin. The fourth zone is the 
secondary margin (SM), consisting again of melanin. In the chryso- 
theme group of Colias, the interzone and secondary margin may be 
considered as absent in the males. 

The remaining zones are bounded by arcs drawn from the costal 
margin to the inner margin through the point of junction of the median 
vein with other veins. The curvature of the are follows the curve 
of the outer margin of the wing and the other zones. Zone M1, there- 
fore, extends from the base of the wing to the arc drawn through the 
point of juncture of the median vein with vein 2, Zone M2 from the 
latter to the juncture of the median vein with vein 3. Zone M3 from the 
latter to the discal vein and Zone M4 from the latter point to the first 
present marginal zone. With this terminology, any given area of the 
wing may be designated by a symbol. For example, one may note 
the variation in pigment of PM-2, this meaning the primary margin of 
marginal cell 2. Likewise, M1-DC has reference to the portion of 
zone M1 in the discal cell. 

For the under side of the wings, the terminology is not very 
useful owing to the lack of pattern elements. In both wings a row of 
spots extends from the costal margin to the inner margin, one in each 
marginal cell. These spots are situated approximately under the 
secondary margin of the upper side. A spot is also present at the base 
of the discal cell of the hind wing. The pigmentation of the apical 
area of the fore wing on the under side is often different from that 
of the remainder of the wing. This area is designated as the apical 
zone, though part of the costal area may be included. 

Each of the two centers of the discal cell spot of the under side 
of the hind wing is composed of three parts. These are the central 
ocellus, a secondary ring and a tertiary ring. In most cases, the rings 
surrounding the ocelli coalesce but do not always do so. The cell 
spot of the upper surface of the wing does not contain these elements 
but is uniformly pigmented. The outer margins of the spot conform 
to the outer ring of the upper surface spot and may, therefore, at times 
be single, double, small or large in unison with it. The spot, however, 
appears not to be uniformly colored owing to the tricolored area below 
it; it is uniform, however, despite the appearance. 

The fore wing spot on the under side is a single ocellus surrounded by 
a single ring. On the upper side, it is usually uniformly pigmented 
and of the same size as on the under surface. However, occasionally 
it may be open in the center or may be surrounded by a secondary ring. 

Other areas of the wing are not so distinctive as those above and will 
be covered below under the distribution of the pigments. 






































THE DISTRIBUTION OF PIGMENTS AND COLORS 


I. Melanin.—In the normal butterfly, the scales are heavily 
melanized in the primary margin, the secondary margin and in the 
fore wing discal cell spot. A suffusion of melanic scales covers the upper 
surface of the wings with the epicenter of the suffusion at the base of 
the wings and extending in decreasing abundance distally. Normally 
this zone is an area as shown by the dotted area BM in figure 1. On 
the hind wing, especially, this melanism frequently may cover the entire 
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wing surface. In the male the basal melanism is much more restricted 
than in the female. It usually follows the costal area of the fore wing 
to join the marginal melanic areas. On the under surface of the wings, 
the melanism has the same distribution as on the upper side except that 
the apical area of the fore wing may be suffused and the basal portion 
below the discal.cell not suffused. The spots on the lower surface of 
the fore wing are also melanin. 

In some forms, a melanization is present in the scales of the under 
side of the fore wing in the zone bounded by the discal cell, the spots 
and the second and fifth marginal cells (dotted in figure 1). 

II. Pterines.—All scales not melanized are colored with the pterine 
pigments. The red pterines in the chrysotheme group are restricted to 


Fig. 3. Photographs showing some characteristics as described in text. 
(Yellow-race from Pennsylvania, philodice.) Upper is a yellow female and the 
lower a white female. Color-blind film. 


the fringe and the spots of the under side of the hind wing. In the 
latter places the color may be brownish and mixed with melanin 
scales. It is present heavily in the secondary ring of the discal cell 
spot of the under side of the hind wing and is much lighter in the 
tertiary ring. It may be present in some of the more anterior spots of 
the under side of the fore wing. Further information may reveal that 
these red pigments are chemically different, as in Delias (Ford, 1942b). 

The remainder of the wing not colored as above is scaled with 
some shade of orange, yellow or white. In chrysotheme, the orange 
colors appear to overlie the yellow or white though it is doubtful if in 
any case a single color is one pure pigment. Chemical studies (Wieland, 
et al., 1933-37) seem to indicate that most colors are combinations of 
several pterines. 

Different shades of these pigments are present in different places 
upon the wings. The overlapping portions of the fore and hind wings 
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have a lighter pigment present than the exposed portions. The part 
of the hind wing posterior to vein 1 is often much lighter in color than 
the central portion of the wing. The under surface of the hind wing 
and the apical area of the fore wing have a different quality of pigment 
color than the upper surface which is rather difficult to describe. The 
color here also does not always seem to vary in unison with the color 
in the latter place. The color of the primary zone of pterines (PZP in 
figure 1) on the under side of the fore wing is much the same as on the 
upper side (ground color) but intergrades with the apical color. 

The discal cell spot on the hind wing upper-surface is a grade of 
white, yellow or orange pterine; the ocellus of the fore wing spot is also 
one of these when open. 

The white and yellow pigments occur generally over the surface of 
the wings and are, for the most part, mutually exclusive. They are 
also largely of the same shade throughout the wing, except as stated 
above. As noted, the orange is present primarily as a ‘‘suffusion” 
over the yellow or white. It is darkest in the portion of the fore wing 
at the proximal end of marginal cell 1. From this center, the spread is 
as a fan through the arcs of zones M2, M3 and M4 and rarely the 
interzone. In Colias chrysotheme, except in a very few cases, the costal 
margin is unaffected by orange pigment but rather remains white, 
vellow or black. The range of this fan and the intensity of the pigment 
at the center has been the character studied in the hybridization of the 
orange and yellow races (Gerould, 1943, and Hovanitz, 1944a). 

In the case of some experimentally altered forms, the orange pigment 
may be reduced in range and restricted to the portion of the wing 
posterior to the discal cell, the basal melanin zone and part of zone M4. 
Also, orange pigment may form a ring around the cell spot and may be 
as an ocellus within it. 

III. Structural colors—The silvered scales occur primarily in the 
ocelli on the under surface of the wings in the discal cell spots. These 
scales apparently have no pigment color though occasionally pigmented 
scales are present. Single widely scattered silvered or bluish scales 
may occur over the under surface of the hind wing. 

A purplish or violet iridescence sometimes covers the entire orange- 
pigmented area of the fore and hind wings on the upper surface. 


AN ANALYSIS OF CERTAIN TYPES OF VARIATION 


A. The Border.—The three elementary partitions of the border as 
illustrated in the figure (fig. 1) are subject to various types of variation. 
Each part (PM, IZ or SM) may be widened or narrowed within limits, 
even though no other alteration is present. IZ may be reduced to such 
an extent by the encroachment of melanin from PM and SM that 
it may be partially or wholly eliminated. This condition is some- 
times known as melanization of the border. It is not similar to the 
single border of the male as illustrated in figure 2, but is shown in figure 3 
(upper specimen). The portions of IZ in the different marginal cells 
may be reduced in different degrees. These differences are usually 
standard as shown in the figure (fig. 1). IZ-MC3 of the fore wing is 
usually the smallest, aside from the apical portions. SM may be very 
wide or may be entirely lost. In some cases, it may be missing in some 
of the marginal cells (fig. 4). The tendency in Colias chrysotheme is 
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Fig. 4. Photograph 
showing in negative 
form a series of six 
color grades of the 
hind wing cell spot (on 
left) and under-side 
coloration (on right). 
These are pterine pig- 
ments with the corre- 
lation shown in text. 
The reproduction was 
on color-blind bromide 
paper from a_ koda- 
chrome (natural color) 
positive. The color of 
the cell spot in the 
specimen at top was 
pale cream-yellow 
(nearly white); that at 
the bottom was bright 
orange. A similar 
color arrangement is 
true for the under side 
of the wings except 
that the darker indi- 
viduals were a_ buff- 
orange rather than 
bright orange. The 
ground color of the 
wings was white but 
varying to a yellowish 
in the lower individ- 
uals (accounting there- 
by for the less intense 
black shown in the 
negatives). Correlated 
to a certain extent 
with this pterine gra- 
dation is the melanin 
pigment variation as 
shown by the border 
bands and the basal 
melanism. The indi- 
viduals were selected 
only for the grade of 
cell spot coloration; 
the variations are 
genetic. These speci- 
mens are southern 
California orange-race 
females having domi- 
nant gene for white. 
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for the loss to occur first in MC2 and MC3. It is last to be lost in 
MC4-9 (fig. 4). In other species of Colias such as the alexandra- 
chrysomelas-, etc., group, the loss is evenly spread in nearly all the 
marginal cells. A complete loss of SM does not produce a male pattern 
for IZ remains despite the loss of SM. The presence of IZ is indicated 
by a lighter colored pterine pigment. 

The border of the male is as shown in figure 2. It may be reduced 
through degrees until it approaches a reduced female border (Colias 
boothi or the form keewaydin). 

The alterations in the border as just described are the most prominent 
differences between the color races and the geographical subspecies of 
the yellow race as differentiated by Hovanitz (19438a). They are also 
greatly variable according to the direct environmental influence upon 
development and, therefore, change seasonally. 

The effects of the direct action of various controlled environmental 
conditions upon the melanic border are as follows:?> Low temperatures 
reduce the bands (PM, IZ, SM) in width. In different strains and in 
different races, the reduction is to a different degree at the same tem- 
perature but always in the same direction. High temperatures increase 
the bands but the degree of increase is varied at a given temperature by 
the given genetic strain used. Some illustrations of these effects are 
shown in the illustrations (figs. 2 and 5). 

Different conditions of humidity during development do not change 
the pattern of the marginal bands. A high humidity, however, is 
conducive to a better development of all pigments on the wings. A low 
humidity leads to a ‘‘washed-out”’ or faded appearance of all pigments 
including the melanin. The effects on the adult pigmentation of breed- 
ing larvae on fresh or semi-dried leaves are the same as those of breeding 
in high or low humidity respectively. 

There seems to be no effect upon wing coloration by different amounts 
of radiation received by the larvae. 

When yellow race larvae are grown on alfalfa, those few adults 
which might be obtained have a slight reduction in the marginal border. 
No such effect is noticed when orange race larvae are bred on red clover. 
The variation in size of the spots comprising the interzone seems to be 
independent of the general reduction or increase of the border. The 





*The conditions of the environment which have been kept under control 
are specified below. In any case where a comparison is made between a type of 
variation produced by one condition with that produced by another, it is assumed 
that spli: strains are being corisidered, having the same parents. The only differ- 
ence between these strains is the single changed environmental condition under 
which they were grown. Inthe case of the strains grown at different temperatures, 
relative humidity was uncontrolled and of course is expected to have increased 
with decrease in temperature. Otherwise, the strains may be considered as 
having been quite comparable. Eggs were laid at 28° C. and 80% R. H. and were 
then removed to the conditions below. 

Temperature: 15°C. + 1°C.; 20°C. = .5°C.; 25°C. = .6°C.; 28°C. = 2°C.; 
30°C. = .5°C. 

Humidity: 80% R. H. and 25-50% R. H. 

Irradiation: Sunlight, mercury vapor light (continuous and 10-hour day) 
and absolute darkness. 

Food: Freshly potted food and cut food in jars changed at 24-hour intervals. 
Diet: Alfalfa and red clover. 
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only environmental factor noticed which will change these spots is 
humidity. A high humidity decreases the size of the spots by increasing 
the melanin pigment around the periphery. This same effect is 
obtained by growing the larvae on fresh as compared with partially 
dried food. A decrease in the size of the spots with an increase 
in the amount of irradiation may be indicated. 


Fig. 5. The effect of seasonal conditions upon pigmentation in the yellow 
race (British Columbia, wild). The upper individuals represent May and June 
adults, the lower one, April. Similar variations are obtained by means of altering 
the temperature alone. 


Geographical variations——The geographical distributions of these 
variations are correlated with the geographical distribution of the 
environmental factors. Northern populations have the greatest reduc- 
tion in the border (vi/abunda, philodice); southern populations have the 
greatest augmentation (hageni, eurytheme, guatemalena). Reduction 
in the border is characteristic of the yellow race throughout the east 
(philodice) in those places where intensive interbreeding with the 
orange race (eurytheme) has not occurred. It is characteristic of all 
mixed populations of the orange and yellow races that the border 
pattern shows a similar pattern type in both races. 
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Breeding of various geographical races by Gerould (1943) and 
Hovanitz (1944a) has shown that the pattern differences are genetically 
as well as environmentally controlled. For example, the full pattern 
of the western orange race and yellow race remains essentially full under 
the environmental conditions of New Hampshire. Conversely, the 
reduced pattern of the New Hampshire yellow race remains reduced 
under the influence of the southern California laboratory conditions. 
Some particular strains of the yellow race from California have been 
bred true to reduced border alongside of some other strains from the 
same population which have bred true to full border. The color plates 
of Gerould (1943) show that the control of the pattern variability 
is quite likely a multiple factor one because the F, hybrids between 
the western orange race (full border) and the eastern yellow race 
(reduced border) are all grades of intermediates. 

A nearly full pattern seems to be supplanting the reduced pattern 
of the yellow race in all areas of the eastern United States where the 
orange race has within recent times become common (Hovanitz, 1944b). 
In view of the fact that the mutant white female forms occurring in 
these races are indistinguishable as to race without this difference of 
pattern character, it is becoming increasingly difficult to differentiate 
them in these areas. The exchange of genes between the orange and 
yellow races which is essential for this blending of pattern character is 
one of the primary factors which has led the author (Hovanitz, 1944b) 
to explain the alteration of the yellow race in the vicinity of Washington, 
D. C., by interbreeding. In all other areas where the two races overlap 
in geographical distribution (from British Columbia to Mexico and east 
to the Mississippi Valley), the pattern characteristics of the two races 
are identical. Considerable interbreeding is known to occur in this 
zone (Hovanitz, 1943b), and could very well account for a complete 
intergradation of the character. 

Seasonal variations —Seasonal variations in the border pattern 
are comparable with the geographical and also exhibit the expected 
responses to given types of climatic conditions. Insects which are 
exposed to winter, spring, or autumn temperatures have a reduced 
pattern whereas those of the summer have a full pattern. The degree 
of alteration corresponds closely to the severity of the conditions and 
also to the genetic strain of the insect. For example, at a given tem- 
perature, a strain of the yellow race from New Hampshire may have 
a border considerably more reduced than a strain of either race from 
California. Also, a strain of the yellow race from Alaska may have a 
far greater reduction of the border than a strain from New Hampshire. 
Tests are in progress on this point. 

B. The ground color of the upper side of the fore wings —The white, 
yellow or orange coloration of the upper side of the fore wings is under 
complex genetic regulation (Gerould, 1943, and Hovanitz, 1944a). The 
substitution of the white pigment for the yellow or orange in females is 
usually controlled by a dominant gene; occasionally by a recessive 
gene in both sexes. The presence or absence of orange pigment on the 
upper side of the fore wing has usually been found correlated with other 
physiological differences and with the major races (Hovanitz, 1944a). 
The color difference itself is under multiple factor control; intermediates 


1945] Hovanitz: Variations in Colias Populations 493 


are found of all grades of orange pigmentation. In each of the races, 
yellow pigmentation is primary, the orange pigment in the one extending 
as a suffusion ‘‘over” the yellow. In some cases it may entirely mask 
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Fig. 6. Histogram showing the variation of orange pigment on the upper 
surface of the fore wings in wild individuals which exhibit no environmentally 
induced abnormal variations, no alterations which seem to be purely phenotypic 
expressions of environmental conditions. The specimens represent females 
from a pure orange-race population (San Fernando Valley, September, 1942). 
Individuals have been taken in such populations showing almost no orange 
pigment at all. This diagram may be compared with that representing a mixed 
orange-yellow race population (Hovanitz, 1943b). The three rows of numbers 
represent: top, sample size; middle, class numbers; bottom, class numbers corre- 
sponding to color series in hybrid crosses from 1 to 10 (Hovanitz, 1943b). 
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the yellow pigment. The yellow pigment itself is subject to variations 
in intensity. In some individuals, it is a very pale yellow or, in others 
it may be any intermediate grade up to an orange-yellow. Despite 
the complexity of the genetic influences, however, the basic physio- 
logical processes determining the one color or the other may be quite 
simple. 

There may be considerable variation in orange suffusion within 
pure populations of the orange race as well as in populations displaying 
a partial hybrid swarm. At very rare intervals, fully yellow indi- 
viduals may be taken in such populations. Strains breeding true for 
partial orange suffusion have come from pure orange populations. 
The accompanying diagram (fig. 6) shows the variation-range of orange 
pigment in the individuals of a wild population which has no direct 
contact with the yellow race. This variation is indicated as genetically- 
induced because no accompanying effects of environmental induction 
are present. The relatively small size of the sample has precluded the 
presence of individuals in the yellow variation-range. 

The color on this portion of the wing in the white female mutant may 
also be variable. A variation range is exhibited from a bluish-white 
to a creamy-white (fig. 4). In the figure, this color variation is indicated 
by the slightly-different intensity of black. The developmental agent 
influencing this color is unknown; evidence indicates that it is not 
environmental but genetical in nature (Hovanitz, 1944a). A probable 
connection with other pigment development is indicated by the examples 
illustrated. There is a reduction of the melanic border band (PM and 
SM), a paler under-side pigmentation and a paler cell-spot of the hind 
wing which are reciprocally related (fig. 4). In Colias christina and 
some Alaskan populations of chrysotheme, a continuous range of the 
variability is existent between the white and yellow pigment types. 

The pterine pigment of the fore wing upper side responds to the 
environment as follows: There is no noticeable effect upon the white 
female coloration under any changed conditions. Low temperatures 
lighten the yellow pigment very slightly. The orange suffusion is 
decreased by low temperatures and increased by high. The reduction 
in this pigment is accomplished in different ways if it is induced 
(1) by temperature, (2) by humidity or (3) by heredity. In the case 
of temperature, the orange pigment is reduced by a withdrawal from 
the peripheral range (zone SM) towards the basal area in decreasing 
arcs. The greatest concentration is then in the area of M1-1 and 
M2-1. Sometimes some orange remains around or within the discal 
cell spot. A reduction in this way leads to a butterfly similar to the 
spring and autumn forms seen in the wild. 

If induced by decreased humidity or water during the pre-adult 
stages, the reduction of orange pigment is uniform throughout the area 
occupied by the pigment. The pigment is never completely reduced 
in any part but merely has a ‘‘washed out” appearance. This alteration 
is the sort found during dry summers and known as ariadne as con- 
trasted with keewaydin or autumnalis for the above. 

Reduction induced by genetic factors (Gerould, 1943, and Hovanitz, 
1944a) results in a slight or heavy diminution of the orange pigment 
over the entire wing. As a consequence of this reduction, the pigment 
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may be entirely eliminated in those areas where it is least heavy under 
optimum conditions. 

Despite the difference in manner of reduction of the orange pigment, 
a reduction by several agents simultaneously leads to difficulty in 
evaluating the relative strength of each. This difficulty may be 
partially overcome by means of a deductive process. For example, if 
a specimen is characterized by a full melanic border-band, optimum 
temperatures for its development can be assumed. A reduced band 
is a corollary of lowered temperatures. Further, if this specimen is 
characterized by a brilliant manifestation of the pigments (that is, 
is not ‘‘washed out’’), it can also be assumed that there was no lack 
of moisture during its development. The ‘‘washed out” effect is 
manifested not only on the orange pigments, but all the others too. 
Thus, since there are no other agents known which will induce a 
reduction in orange which is not accompanied by changes in other 
pattern elements, it may be concluded that the variation is hereditary. 

Factors other than those of temperature, humidity and heredity 
which may alter this character are diet and irradiation. The orange 
race grown on red clover seems to be unaffected in its pigmentation as 
compared with the same strain bred on alfalfa. The yellow race grown 
on alfalfa is influenced as if low temperatures were applied. The 
effects in both cases are accompanied by a showing of the development 
of the larvae. 

The orange race, when bred under conditions of decreased light 
is decreased in pigmentation in the manner described for humidity, that 
is, by subduing of the intensity overall. The better development of 
pigment ensues with increased light. These effects may owe their 
origin to the action of the light upon the food plant rather than the 
larvae, however. 

Seasonal effects upon the characters in the wild.—Factors in the natural 
environment reduce responses similar to those in the laboratory. 

Within a population of the orange-race the seasonal range of 
pigmentation change can be illustrated by a curve low in orange in 
spring, increasing as the season progresses and dropping again in autumn. 
This is reasonably constant year after year in the same place. The 
change in pigmentation under the circumstances is primarily under the 
control of the seasonal march of temperature, as shown by the direct 
correlation with it and by the type of pigment reduction induced. 

Other seasonal variations are brought about in some places by a 
drying up of food plants, by a lowering of humidity, etc., with their 
experimentally indicated effects. 

Geographical variations.—Significant geographical variations in the 
orange race are similar to those produced by seasonal conditions. 
Heavily-pigmented butterflies in hot, humid alfalfa fields or pale 
‘‘washed out” individuals in fields of the California Coast Range 
during the normal hot, dry summers are indicated to be the results 
of the direct effect of the environment. Progeny from such individuals 
exhibit equivalent responses when bred under identical conditions. 
Reduced summer-bred individuals of the high Sierra Nevada Range of 
California are phenotypically of a development type expected under the 
environmental conditions of the cold altitudes. 
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This information has value in a study of migrations, for example, if 
a butterfly of particular pigmentation type is found in a locality where 
environmental conditions do not exist for its development, larval 
growth in some other location is suggested. Thus heavily pigmented 
Colias, found during the months of May and June in the vicinity of 
Mono Lake, California (elevation 6500 feet), are obviously not of a 
type characteristic of that locality at that time, but it is found that 
they are identical with adults then flying in the warmer San Joaquin 
Valley to the west. 

Fully pigmented adults flying as far north as Hudson Bay early in 
spring, or in the vicinity of New England when it is yet quite cool 
apparently owe their origin to larvae bred farther south. 

C. Other pigment variations.—For the sake of preventing duplication 
in outlining the phenotypic responses to environmental conditions, 
when the responses of different pattern elements to the same environ- 
ment are the same, a mere note will be made to that effect. Also, 
when the geographical and ecological distributions are the same for 
different characters, no further discussion is necessary. 

(a) Basal melanism. Melanin pigment in the basal melanin zone 
on both wings (BM) responds in the same way as the melanin in the 
upper side margin. The seasonal and geographical distributions of 
the character also vary concomitantly. 

(b) Melanism of the under side of the hind wing and apex of the 
fore wing. The darkening of this area by the deposition of melanin 
in scattered scales throughout is unrelated to the border melanization. 
It is greatly increased by low temperature rather than decreased, and 
it is decreased by high temperatures rather than increased. The 
amount present, however, is entirely dependent upon the strain of 
butterfly tested. Yellow race from New Hampshire bred at 25° C: is 
heavily suffused; the yellow race from California has almost none 
at all. However, in each case a lower temperature increases the aggre- 
gate quantity. A high humidity increases the melanin markedly in 
both races, the total amount again depending upon the strain used. 
The same is true for fresh food as contrasted with wilted food. In the 
yellow race when alfalfa is substituted for clover the effects are the 
same as wilted food. Melanin is increased with the increase in 
irradiation. 

The geographical correlations of the character follow the dis- 
tribution of the ecological conditions. The yellow race has a greater 
increase of melanin in the north than in the south and in the more 
humid areas than in the dryer. In the northeast, the melanin is most 
highly increased and here, likewise, a combination of high precipitation 
and cool temperatures is found. In the southwest, the reverse is true. 
The seasonal correlations are also of a similar ecological nature. All 
spring and summer generations have an increase of melanin for this 
character, and a decrease in the summer. 

(c) Melanism of the under side of the fore wing. The melanism 
referred to here is that in the zone bounded by the discal cell, the sub- 
marginal row of spots and the fifth marginal cell. Apical melanism is 
considered in (b). The response of melanin deposition at this location 
is the same as for the marginal melanin. However, most strains of the 
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yellow-race never show the character and only the orange-race grown 
at more than 25° C. manifest it. The seasonal and geographical 
correlations therefore are the same as for the marginal melanin 
border (A). 

(d) The submarginal spots. The submarginal row of red-brown 
spots on the under side of the wings responds to the environmental 
factors in the same way as the melanism of the under side of the hind 
wing (b), except for the lower temperatures which are necessary for its 
increase. In this way it is similar to the red pigment of which it may be 
a combination product (with melanin). The geographical and seasonal 
correlations are thus the same as for (b)‘and (h). 

(e) Size of the fore wing cell spot. The size of this spot, which is 
melanin, is not influenced in any predictable fashion by the direct 
effect of the environment, nor can any special geographical significance 
be attached to its variations. The latter are considerable. Some of 
these variations, however, appear to be genetic as they are of frequent 
occurrence in some laboratory-bred strains. 

(f) Size of the hind wing cell spot, under side. Variations of this 
spot are common. Normally a double spot; occasionally the smaller 
of the two will be absent and the larger will be reduced in size. No 
correlations are observed between the variations of this spot and the 
environmental conditions tested nor can any geographical significance 
be detected in its variations. 

g) Cell spot, size and color, upper side of the hind wing. The 
size of this spot is directly correlated with that of the under side spot as 
mentioned under (f) and is subject to the same environmental con- 
ditions. However, it is variable in color, ranging from nearly white to 
bright orange. The only direct response to environmental variations 
is affected by humidity and irradiation. Increase in either of these 
increases the intensity of pigmentation but not the size of the spot. 
Increase of water content of the food is as effective as an increased 
humidity. The geographical and seasonal conditions which manifest 
these factors are accompanied in the butterfly by the respective type 
of coloration.’ 

(h) Red pigment at the wing extremities. The red pterine at the 
extremities of the wings (fringe) is increased by temperatures of arc. 
or below, by higher humidities, by more light and is apparently 
decreased in the yellow race when bred on alfalfa as contrasted with 
clovers. The other conditions seem to have no effect. The geographical 
correlations are manifest in the red fringes common in the far northern 
populations and in the northeast, as well as in conditions where the 

caterpillars have lush food available. The seasonal correlations are 
parallel. 

(i) Pterines of the under side of the hind wing and the apex of the 
fore wing. These pterines do not respond to temperature variations. 
However, the area of the wing in which they occur is altered by 
scattered individual melanic scales of varying degrees of abundance. 
The pigment is responsive to humidity and radiation in the same way 


‘The pterine pigments of the hind-wing cell spot and of the under side of the 
hind wing and apex of the fore wing are darker in Alaskan populations (vitabunda) 
than in the more southern populations of the yellow race. 
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as the pigment of the cell spot of the upper side of the hind wing (g). 
There is no clear geographical gradient; the far northern strains (Alaska) 
have a darker color than those of the south in the yellow-race. The 
white mutant female spot varies in an unpredictable way, however. 

(j) Pterines of the under side of the fore wing. These pterines are 
of the same type as those of the upper side of the wings. The factors 
of the environment affecting them are also the same. Consequently the 
geographical and seasonal distributions of the variations are not different. 

(k) Pterines of the upper side of the hind wing. These respond in 
the same way as the under and upper sides of the fore wings, (B) and (j). 

D. Structural variations.—(a) Iridescent colors. No environmental 
effect has been noticed upon the silvering of the hind-wing cell spot. 
There are, likewise, no geographical or ecological variations discernable. 
Temperature, however, is effective in varying the violet or purplish 
iridescence of the upper surface of the orange-race males. This 
iridescence is not present at all in the yellow-race nor in the females 
of the orange-race. Only in those males of the latter which have been 
bred at a relatively high temperature (above 23° C.) does the iridescence 
appear. Above this point, the iridescence is augmented in proportion 
to the increase in temperature. A brilliant iridescence is present when 
the butterflies are bred under a high humidity as well as a high tem- 
perature. Since these conditions increase the orange pigment on the 
wing also, it has been thought that the increase in the pigment is the 
cause of the increase in iridescence; this is not necessarily true. The 
geographical and seasonal distributions of the iridescence are correlated 
with the temperature and less with the humidity. ‘‘Spring” forms 
have little or no iridescence; ‘‘summer’”’ forms have the most. 

(b) Size and shape of the wings. General size alterations are 
correlated with the environment as follows: An increase in size is 
obtained by breeding at the higher temperatures, higher humidities, 
with fresher food and with the correct diet for the race. No effect 
has been noted by irradiation though statistical differences may be 
present. A decrease in size probably may be expected by exposure to 
sublethal high temperatures. These size variations are reflected in the 
wild by gradients from north to south and during the season. Northern 
populations of these Colias consist of smaller individuals than the 
southern, and the ‘‘spring” forms are smaller than the ‘‘summer” 
forms (figs. 2 and 5). 

The induction of alterations of the shape of the wings by environ- 
mental agents is uncertain. It was once thought that the wings were 
responsive to the environmental influences in such a way as to produce 
more rounded angles in the forms subjected to cold temperatures. 
However, this is doubtful and probably is in visual illusion (figs. 2 and 5). 
The wings present a more fragile appearance to the eye. Irrespective 
of the existence of a difference in shape, forms similar to those induced 
by temperature effects are different in their flight habits. Flight is 
swifter and the distances covered are greater by a ‘‘warm-temperature”’ 
form. The orange-race individuals usually have a stronger and more 
powerful flight than yellow-race individuals in the eastern half of North 
America. No difference is present in the west. The characteristic 
flight difference may disappear in the eastern geographical area when 
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hybridization leads to more closely isogenous populations. Statements 
by Clark (manuscript) that the flight habits of the yellow form at 
Washington, D. C., are different now than they were in the past or 
different now than in the Virginia mountains indicate that hybridization 
may be changing the developmental response of the yellow race in that 
area. The mechanism of the change is genetic. That is, by continued 
hybridization the gene content of the yellow-race becomes closer or 
more equal to that of the orange-race. The developmental response 


of the two races to the same environmental conditions is then more 
alike. 


TABLE I 


THE DIRECTION OF INFLUENCE UPON PIGMENTATION OR SIZE CHARACTERS IN 
Colias BY THE ACTION OF SPECIFIC ENVIRONMENTAL FACTORS 


+ indicates an augmentation. 
indicates a diminution. 
none indicates that there is no noticeable effect. 


Factor Increase 


Character Temperature Humidity Irradiation 
Melanin: 


1. Border Sie iavia a aah wie oo 
2. Basal region.... = - 
3. Under side of the hind wing and 
apex of the fore wing............. — 
4. Under side of the fore wing......... + 
Pterines: 
1. Upper side of the fore wings...... + 
2. Under side of the hind w ing and 
apex of the fore wing none 
Under side of the fore wing......... + 
Upper side of the hind wing ; + 
Red pigment at the wing extremities - 
Cell spot of the hind wing none 
Structural colors: 
1. Hind wing cell spot silvering none none none 
2. General violet irridescence dis + none none 
Combined or other colors: 
1. Submarginal spots....... + + 
Size characters: 
1. General size.... o + + none 
2. Size of the fore wing cell spots none none none 
3. Size of the hind wing cell spot, under 
side none none none 
4. Size of the hind w ing cell spot, ‘upper 
side ghia none none none 


none 
none 


+ 


a 


+++++ + ++ ++ 


DISCUSSION 


The wings of Colias chrysotheme are shown. to be comprised of certain 
natural elements or regions These natural areas vary in the two 
directions, diminution or augmentation of pigmentation, under the 
combined influences of hereditary and environmental conditions. By 
the maintenance of constant hereditary materials, the manifestation 
of the pattern elements as influenced by different comparative environ- 
ments may be analyzed. Conversely, by the maintenance of constant 
environmental conditions, the manifestation of the pattern elements as 
influenced by different hereditary materials may be analyzed. 
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The influence of any one factor of the heredity may draw a response 
from only one or from several elements of the pattern at the same time. 
Likewise, the influence of any specific environmental factor may draw a 
response from only one or from several pattern elements at one time. 
The degree of the response may be different to different quantities of 
the agents influencing the character. However, no analysis of the 
degree of the response has been undertaken on this material. 

Table I shows the known responses of the pattern elements to 
comparative environmental factors. 

Increase in humidity and increase in irradiation both draw the same 
response in Colias of increasing the quantity of all pigments but ot having 
no effect upon its quality or disposition. They are, therefore, general 
enhancers of pigment production. A decrease of either of these factors 
is accompanied by a decrease in all pigments in all parts of the wings. 

Temperature, however, does not have a general effect of this sort; 
instead it is selective upon pigment quantity and disposition. An increase 
in temperature determines pigment deposition in the following ways: 

1. Increase in intensity and area occupied by melanin in these 
areas: (a) border melanic band, (b) basal region, (c) under side of the 
fore wing. 

2. Increase, in intensity and area occupied, of the darker of the 
pterine pigments in these areas: (a) upper side of the fore wings, (b) upper 
side of the hind wings, (c) base of the fore wing on the under side. 

3. Decrease of pigment in the following areas: (a) melanin in the 
under side of the hind wings and the apex of the fore wings, (b) sub- 
marginal row of spots, (c) red pigment at extremities. 

4. Not affected by temperature: (a) pterine pigmentation of the 
under side of the hind wings and the apex of the fore wings, (b) pterine 
pigmentation of the hind wing cell spot. 

The response of the organism to the influence of dry food is the same 
as to the influence of lowered humidity. The response to a poor or the 
wrong diet is generally the same as to the effects induced by lowered 
temperatures. Both act as deterrents of the development rate. 

The action of a given environmental factor is not the same for all 
manifestations of a given pigment. For example, melanin is decreased 
in one pattern element (the upper side border) under the same circum- 
stances in which it is increased in another element (under side of the 
hind wing). The agent involved may be postulated to be acting cn 
two different developmental systems. On the other hand, the action 
of a given factor may always influence a given pigment in a given 
direction in whatever pattern element it may be found (i.e., the action 
of humidity on all the pigments). Here the agent involved may be 
postulated as acting on the same developmental system. 

The action of an environmental factor on a pigment in different 
wing elements may be the same but may involve a different norm of 
reaction. For example, melanin is augmented in the border pattern 
with increase of temperature up to about 25°C. At these temperatures, 
there is no melanin pigment present in the central area of the under 
side of the fore wing. At temperatures above 25° C., melanin in the 
latter area is increased by increased temperatures but there is no further 
change in the melanization of the border. The norm of reaction is 
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different not only in the melanin pigments in different wing elements, 
but with the pterine pigments also. For example, not until the orange 
pigment of the upper side of the fore wing is well augmented does the 
same pigment on the hind wing show considerable augmentation. 

A correlation between the degree of pigmentation in one element 
with the degree of pigmentation in another element of the same indi- 
viduals indicates the action of the same developmental system. The 
intensity of orange pigment in the cell spot of the upper side of the hind 
wing is correlated with the intensity of the pigmentation of the under 
side of the hind wing. Further, the pigmentation of the under side of 
the hind wing is correlated with the pigmentation of the apex of the under 
side of the fore wing. 

Correlations of these sorts can not be applied to different genetic 
strains without alterations. The orange pigmentation of the upper side 
of the fore wing of the orange race is antecedent to a similar pigmenta- 
tion of the hind wing on the under side. In the yellow race, it is not. 
Orange pigment may be present in the latter two areas of the yellow 
race with no prior appearance on the upper side of the fore wing. 

All factors, genetic and environmental, which alter the development 
rate have a parallel influence to that of temperature changes on the 
Colias pattern. For example, the female Colias develops slower than 
the male. It exhibits the type of character expected in the male at 
lower temperatures (Table I). There is a decreased manifestation of 
the pterine pigments, of the iridescent color and an increase of the 
melanin on the under side and basal areas. 

The influence of the known environmental factors of the wild on the 
populations of a given race in a given area can be postulated. Con- 
versely, the conditions which have induced a type of pigmentation 
found in wild individuals can be deduced. The effects in combination 
of the environmental and genetical influences lead to predictable 
variations that are found in wild populations. 


SUMMARY 


‘ 1. Five pigment colors and two iridescent colors combine to form 
the wing pattern of Colias chrysotheme. One pigment color, melanin, 
is black. The other pigments, pterines, range in four grades from white 
through yellow and orange to red. One iridescent color is silver and 
the other violet. The part played by these colors in forming the wing 
pattern is described. 

2. The range of variation of each of the pattern elements is indicated. 
Various environmental and genetical agents influence the manifestation 
of these different elements. 

3. The actions of the different agents may be general on color 
manifestation or they may be specific. Different agents influence the 
same pigment in the same way or in different ways. 

4. High humidity and high irradiation during development give good 
manifestation of all pigments. Temperature does not have a general 
effect but is selective in its action. The effects of a slowed development 
rate are the same as those of a low temperature. 

5. The relative influences of the heredity and the environment in 
shaping the phenotype of a wild butterfly can be deduced from the 
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characteristics which it displays. The effects in combination of the 
environmental and genetical influences lead to predictable variations 
that are found in wild populations. 
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LONGEVITY AS A FACTOR IN PSYCHIC EVOLUTION 


PHIL RAU, 
Kirkwood, Mo. 


Biologists have studied the longevity of organisms in relation to 
reproduction, in relation to population density, in relation to their 
heredity, in relation to the absence of food, and in relation to many 
other problems of life. But they have apparently given no thought to 
the relation of longevity to psychic development. Students of animal 
behavior, and this includes insect behavior as well, are prone to forget 
that mental endowments are to a large extent correlated with the 
duration of life. The facts in this matter are so simple that it appears 
that one is belaboring the obvious to touch upon them. 

Given life and environment, the third ingredient for mental attain- 
ment is longevity. One has a right to expect, and usually does find, 
for example, that fifty-year-old elephants or forty-year-old parrots 
are much more highly endowed than their younger contemporaries of 
their respective species. 

It is quite obvious that the longer an animal lives the more oppor- 
tunities it will have to cope with the environment, organic and inorganic, 
both good and bad. A long life is much more full of experiences, sense- 
impressions, emotions, memories and the association of memories, than 
a short life. Furthermore, in a long life, there are more periods of 
leisure in which to think, dream and ponder over adventures, conquests 
and accomplishments and failures. All of this is stored somehow in 
the brain cells and comes to the fore when the creature has new 
difficulties to surmount. 

A careful compilation of the psychical status of various species of 
animals (providing such a compilation is possible) would reveal, it 
seems to me, a close connection with the duration of life. A few 
examples from the world of insects will make my point clear. 

For example, the long-lived Pompilid wasps and the long-lived 
Ammophila wasps display brilliant behaviors in their hunting habits 
and tool-using habits respectively, in contrast to the behavior of the 
May-fly, whose life ends with the setting of the sun on the day of its 
birth. The ant-lion larva is highly endowed and lives an adventurous 
life for a year or two, stalking prey and making and repairing the pit 
of death, whereas the adult ant-lion, short-lived and stupid, is 
adventure-proof. 

The correlation of brain-power and longevity is so almost universal 
that one wonders if it may not prove to be one of the laws of nature. 
Someone has said that a painter must live long to live forever. Like- 
wise, it seems to me, that high mental qualities in the animal world are 
the result of long life. The two are inseparable, in both ontogeny and 
phylogeny. Phylogenetically, one may mention that the solitary 
cockroach, with its high mental attainments, is also the oldest living 
insect on earth,! and for the social termite the same (but to a slightly 


1See article ‘‘How the Cockroach Deposits its Egg-Case: a Study in Insect 
Behavior.’’ Ann. Ent. Soc. Amer., 36: 221-226, 1943. 
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less degree in point of time) is true. Both longevity and mental equip- 
ment go hand in hand in ontogeny, and eventually are swallowed up in 
the phylogeny of the race. 

One may ask, how did this come about? In the social animals and 
in the social insects, the explanation is quite easy. The period of brood- 
care of animals that live with their young has necessarily increased the 
length of life of the adults. It would be interesting to know if care of 
the brood was responsible for the long life, or if long life of the adult 
was responsible for brood care. Be that as it may, however, the fact 
is that close contact with one another of members of the same family 
would easily permit psychic accomplishments to be passed on from 
generation to generation by way of tradition. The same may be true 
of semi-social creatures that have a yen for sociability. The Carpenter- 
bee, Xylocopa virginica, that nests and also hibernates gregariously, is 
a case in point. 

Tradition, however, which has had a beginning somewhere in the 
phylogeny of the race, need not necessarily have an end. As long as 
generations of social or semi-social creatures overlap and live together, 
be they man or beast or bumblebee, tradition will be a factor in psychic 
evolution. This may, but need not necessarily, become fixed in the 
heredity of the race. 

But in solitary species, (insects especially), where one generation 
never comes in contact with the next, tradition cannot possibly be 
considered a factor in mental evolution. Among solitary creatures, as 
among the social, we are impressed by the same correlation of length 
of life to psychic worth. That both have become fixed in heredity in 
these solitary species, no one will doubt. The means by which this has 
come about here is of course clouded in darkness. Perhaps Semon’s 
theory of the ‘‘mneme’”’ will yet prove to be the best explanation. 

At any rate, one must conclude that the duration of life, be it long 
or short, be it for the individual or for the race, is at least one factor 
in psychic evolution. 


THE NEARCTIC SPECIES OF TENDIPEDINI |[DIPTERA, TENDI- 
PEDIDAE (=CHIRONOMIDAE)], by Henry K. Townes, Jr. The 
American Midland Naturalist, Vol. 34, No. 1, pp. 1-206, July, 1945. 
Price $1.00. 


The appearance of a comprehensive taxonomic survey of any group of insects 
gives the reviewer a vicarious feeling of satisfaction. Our late friend, August 
Busck, used to say, with his keen sense of values and inimitable accent, that 
“‘describing species is the chores of entomology”’ and that true attainment came 
with bringing the classification of a group up to date and making it more intelligible 
to other entomologists. 

Dr. Townes-has evidently enjoyed access to a tremendous amount of material 
in the preparation of his revision and appears to have handled it in a careful and 
thorough manner. We agree with him that the supplanting of such a familiar 
name as Chironomidae is unfortunate, but support his decision heartily since for 
thirty years we have adhered to the belief that the only way to stable nomen- 
clature is the strict application of the International Rules until the vagaries of 
the past have been corrected. 

The treatment of species includes bibliographies, brief descriptions and helpful 
comparative notes, a statement of distribution, excellent figures of genitalia and a 
few other structural details. Many new species are described.—A. W. L. 


SPIDERS OF THE GENUS CONOPISTHA 
(THERIDIIDAE, CONOPISTHINAE) FROM 
NORTHWESTERN PERU AND ECUADOR! 


HARRIET EXLINE? 


Austin, Texas 


Several hundred theridiid spiders of the genus Conopistha were 
included in collections made in Northwestern Peru and in Ecuador, 
during the years 1938 to 1943, with the help of my husband, Don L. 
Frizzell. Our collecting range in Peru included most of the Depart- 
ment of Piura, especially the section from the coast into the Amotape 
Mountains (between the towns of Paita and Zorritos). Due to relative 
accessibility and greater richness of the arachnid fauna, the major part 
of our field work was done in the Parifias valley system, beginning some 
five miles north of the town of Talara, and in the drainage of the Chira 
River, starting about 30 miles south of Talara. Consistent all-year 
collecting was possible in the Parifias Valley during both normal dry 
and cyclical rainy years. In Ecuador, collecting was less thorough, 
although it included a greater variety of ecological situations. We 
collected at Manta (Province of Manabi), Salinas, Guayaquil, and 
Milagro (Province of Guayas), Macuchi (Province of Los Rios), Cuenca 
(Province of Azuay), Quito (Province of Pichincha), Ambato, Bafios, 
and Pufiapi (Province of Tungurahua), and along the Topo River 
(Province of Napo-pastaza). Robin Walls, of Ancon, gave me an 


excellent collection of spiders, taken by him and E. L. Moore in the 
Province of El Oro. 


Disposition of Types.—Holotypes and allotypes of the spiders 
described here have been deposited with the California Academy 
of Sciences, San Francisco, California. Paratypes of most of the new 
species are in the collection of the Museum of Comparative Zoology, 
Cambridge, Massachusetts. Hypotypes and duplicate material are in 
my personal collection. 


Acknowledgments.—I am indebted to A. Norcott, General Manager of 
the International Petroleum Company, Limited, Negritos, Peru, and 
to other members of the staff, whose cooperation made field trips 
possible, and especially to V. J. and Helen Moroney, for their interest 
and help. The generous cooperation given me by Elizabeth B. Bryant, 
of the Museum of Comparative Zoology at Harvard University, in 
lending comparative material and offering advice and encouragement 
is much appreciated. Vance Tartar has assisted with the drawings. 

Research and library facilities, generously furnished by the Depart- 
ment of Zoology and Physiology of the University of Texas, have 
expedited the final revision of this paper. 


1A contribution from the Department of Animal Biology, University of 
Washington, Seattle, Washington. 


2Mrs. Don L. Frizzell. 
505 
















506 Annals Entomological Society of America [Vol. XXXVIII, 


DISTRIBUTION AND ECOLOGY OF CONOPISTHA 


The most common and widespread form of Conopistha in North- 
western Peru and Ecuador, C. argyrodes nephilae (Taczanowski), ranges 
from the coast to an altitude of 7,000 feet. These spiders live in the 
coastal desert of Northwestern Peru, becoming abundant during occa- 
sional rainy seasons, and inland in the Amotape and Andes Mountains. 
In Ecuador they occur in the dry coastal region around Manta in the 
north and in the Province of Tungurahua on the eastern slope of the 
Andes Mountains (5,000-7,000 feet). Collections made near Milagro 
and Guayaquil at various seasons contained no spiders of this sub- 
species, nor were any found in the humid tropical area of the eastern 
flank of the Andes along the Topo River. Absence of this subspecies 
along the Topo was noticeable because it was well represented at Barios 
only 30 miles west. Our single day’s collecting there, however, furnishes 
insufficient evidence to guarantee its absence. Conopistha argyrodes 
nephilae is widely distributed over northern and central South America, 
the Antilles, and the Southern States. In Peru and Ecuador it seems 
to be restricted to areas of limited rainfall and scattered vegetation. 

Conopistha manta n. sp. has been collected only in the coastal areas 
of Ecuador and Northwestern Peru, ranging from Manta south to the 
Chira and Quiroz River valleys. It occurs in both the desert and 
semi-desert areas of low altitude, and in regions of heavy semi-annual 
rainfall, but has not been collected in mountainous regions. C. rorerae 
n. sp. has been found only in the environs of Milagro and Guayaquil. 
C. spinosa (Keyserling), described from specimens taken in the Amazon 
headwaters of Peru and Brazil, has been collected at Milagro. If 
these specimens are correctly identified, the species occurs in low 
altitudes on both sides of the Andes in tropical and semi-tropical areas. 
C. cordillera n. sp. was collected in the Andean highlands at altitudes 
of 5,000 feet to 7,000 feet around Bafios and Ambato. 

Conopistha sullana Exline lives in the valleys of the Amotape 
Mountains and the Andean foothills of Northwestern Peru. None 
have been taken in Ecuador. Both C. cochleaforma Exline and C. 
proboscifera Exline have been found on the eastern slopes of the Andes; 
the former is common both at Banos (5,000 feet elevation) and in the 
lower jungle region of the Topo River, the latter species found only 
along the Topo River. 

Conopistha usually frequents the outer part of large orb-webs, 
occasionally constructing subsidiary webs between the guy and radiating 
lines of the host webs. It is not a parasite nor a symbiont, neither 
harming nor aiding its host. Each appears unaware of, and indifferent 
to, the other. The relationship probably is best described as com- 
mensal. Occasional individuals make small ‘‘theridiid”’ webs of their 
own, suspended in grass or on bushes. Sometimes they live in the 
outer parts of webs of large theridiids or in the ‘‘theridiid-like”’ part 
of webs of Meta. There is no correlation between the various species 
of Conopistha and species of their hosts. They inhabit indifferently 
webs of Gasteracantha, Argiope, Meta, and Aranea, in localities where 
these orb-weavers occur. 

Some field observations on the relationships of Conopistha to host 
species may be important if correctly interpreted. In most areas 
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where the genus is common, species of orb-weavers, including Meta, 
Gasteracantha, Aranea, Argiope, Tetragnatha, Cyclosa, and Leucauge, 
are common. Conopistha nearly always is present in webs of Meta, 
Gasteracantha, Aranea, and Argiope, but almost never in webs of 
Tetragnatha, Cyclosa or Leucauge. Spiders of the first groups, hosts of 
Conopistha, feed upon large insects—beetles, large flies, bees, and 
Orthoptera—and disregard the small prey in their webs. Orb-weavers 
which do not harbor Conopistha feed on such minute insects as small 
flies, mosquitoes, and midges. The lack of any observed interspecific 
or intergeneric host-symbiont selectivity, on the part of Conopistha, 
suggests that it attempts to establish itself in any convenient web, but 
falls prey to hosts which live on small insects. Its survival, then, 
depends upon the accidental choice of a host that finds the smaller 
organisms beneath notice. 

Conopistha hangs inverted, with the long front legs bent double. 
It closely resembles a bit of lichen or bark caught in the host web, the 
shape and coloration of the body emphasizing the apparent mimicry. 
Although species and even individuals vary considerably in shape, 
color, and pattern, various combinations of black and brown with 
silver, gold, and red are of such design that, even though the spider’s 
body may sparkle conspicuously in the sunlight, it is nevertheless difficult 
to recognize as an animate object. When several individuals are associ- 
ated in one orb-web, they simulate a shower of tiny lichen particles. 
Although Conopistha is rarely common in one host web, 23 were collected 
from a Gasteracantha web between the spiny blades of a giant yucca-like 
plant at Bafios, Ecuador. 

The delicate flask-shaped egg-sacs of Conopistha often are attached 
by two or three heavy strands of silk to the guy lines of the host web, or 
to grasses or branches of trees and shrubs. Casual inspection has shown 
no interspecific differences in construction or appearance. 


Genus Conopistha Karsch 


Argyrodes Simon, 1864, Hist. Nat. Araign., Ist ed., 253. Genotype: Linyphia 
argyrodes Walckenaer. (Preoccupied by Argyrodes Guenée, 1845, Micro- 
Lepidoptera. ) 

Conopistha Karsch, 1881, Berlin Ent. Zeitschr., 25: 39.—Bryant, 1941, Psyche, 
48(4): 185. (=Argyrodes Simon, according to Bésenberg and Strand, 1906, 
Abh. Senckenb. Ges., 30: 129.) 


Argyrodina Strand, 1928, Berlin Arch. Naturgesch., Jahrg. 92, Abt. A, Heft 
8: 30-75. Genotype: Linyphia argyrodes Walckenaer. 


Genotype.—Conopistha bona-dea Karsch (original designation). The 
trivial name must be hyphenated, but is valid as a noun in apposition. 

Original description (translated from Latin).—-With eyes large, 
arranged in two transverse, slightly curved rows, with posterior row 
wider; with cone-shaped abdomen; with median part of dorsum acutely 
rounded, very high. Legs not spinous. Type species, Conopistha 
Bona Dea. 

Conopistha Bona Dea, male, female. With cephalothorax oblong, 
dusky, clypeus high, convex, almost perpendicular, legs pale, sub- 
annulate, with abdomen silvery above, reticulated with a dusky color, 
anterior [part] with a median longitudinal black line, occasionally 
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broken, with the apical tubercle least dusky, with black venter |extend- 
ing] on sides in undulating line. Length of body 1.5 mm.—2 mm. 
(Donitz!). (From Japan.) 

No specimens of C. bona-dea Karsch have been located in American 
collections. It therefore has been impossible to study the type species. 

Description of genus.—Conopistha is a dimorphic genus of the 
family Theridiidae with the tarsal comb weakly developed. Eyes 
typical of family with lateral eyes contiguous. Cephalothorax long and 
quite low with median furrow transverse. Legs 1243, rarely 1423; 
anterior metatarsi shorter than anterior tibiae; legs without true spines; 
with a double row of trichobothria on tibiae, a single trichobothrium on 
metatarsi, a ‘““drum’”’ on tarsi. Tarsi with three claws, third claw slightly 
longer than upper two. Upper claws with two to three very fine teeth, 
distal one longest; at least two paits of auxiliary claws present. Palp 
of female with one long claw bearing one or two fine teeth. Chelicerae 
well armed with one to two teeth on pro-margin, one on retro-margin of 
furrow. Maxillae large, truncate in front, often thinned to edge in 
front, parallel and nearly meeting midventrally over lip and scopulate 
on inner margins. Lip soldered to sternum but with a chitinous groove 
marking union; sternum often collared to unite with lip. Sternum 
triangular, broad in front, narrowed to blynt point behind, projecting 
somewhat between coxae of the legs laterally and halfway between 
hind coxae posteriorly. Abdomen of various shapes but often extending 
considerably above and behind spinnerets in lobes or points. Furrow of 
spiracle fairly near spinnerets. Spinnerets six, anterior pair longest, 
heaviest, cone-shaped and contiguous; colulus inconspicuous; anal 
tubercle well developed; spinnerets and anal tubercle often situated 
together on an extension of posterior ventral part of the abdomen. 
Males usually develop secondary sexual characters with some modifica- 
tion of the head or clypeus, as well as stridulating areas on posterior 
part of carapace and a thickened chitinous, tooth-bearing ridge on 
anterior part of abdomen. 


KEY TO SPECIES AND SUBSPECIES OF CONOPISTHA FROM 
NORTHWESTERN PERU AND ECUADOR 


1. Head usually narrow. Area of median eyes seldom wider than long (C. 
cordillera is an exception). If the clypeus of the male is armed with a 
proboscis or apophysis, it does not extend ventrally. 

Male with head projecting anteriorly over clypeus and chelicerae, bearing four 
median eyes; clypeus with a proboscis extending anteriorly and dorsally, a 
little longer than head, and thicker. Female genital plate with openings 
into connecting canals distant (about three times diameter of canal apart, 
OREN CONCORMT DY GRUGREION).. 6.65 cece seeccenes argyrodes nephilae 

2’. Head of male not projecting anteriorly to any great extent. Female with 
more complicated genital apparatus. 

3. Abdomen globose, predominantly brown. One trichobothrium of third 
a aha Kd aco-e's toe. bib Wha bie A Ding ao eee ae as CMS rorerae 

3’. Abdomen with humps or spines, or greatly produced behind spinnerets. 

4. Abdomen with posterior spines; spines large in male, small in female. . spinosa 

4’. Abdomen without spines. 

5. Abdomen low, long and extending beyond spinnerets without conspicuous 
humps. Area of median eyes broader than long. Head and clypeus of 
male unmodified. Female with stridulating area on carapace, and with 
MPU 5 7550.5. p-are IPR h Ave a ESD ee eal hs ack were Sia kus Ceo ets wae Weleh cordillera 


tw 
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. Abdomen high, greatly produced behind and above spinnerets, with a lateral 
hump on each side of prolongation. Male with a definite crease in chitin 
under the anterior median eyes, with a small pit on each side 

. Head wide and blunt. Area of median eyes wider than long. Clypeus of 
male very high, conspicuously produced ventrally and anteriorly into 
one or two large probosces. 

Sternum granulate. Male palp with tip of cymbium armed with several long 
heavy bristles that curve back over tip of bulb. Clypeus bears a single 
large cup-shaped proboscis projecting anteriorly and ventrally. Female 
with a scape-like epigynum, on each side of which open the connecting 
canals. Connecting canals decrease regularly in diameter from openings 
to receptacula cochleaforma 

’. Sternum not granulate. 

Male with two heavy probosces extending ventrally and anteriorly from 
clypeus (one dorsal to other). Female genital plate with large atrium, 
well in front of genital groove. Connecting canals opening posteriorly 
from atrium..... sullana 

. Male clypeus much swollen in front, with a single huge antero-ventral apo- 
physis. Cymbium of male palp with one short heavy spine at tip. Genital 
plate of female with connecting canals opening separately on each side of 
small epigynum; connecting canals very long and coiled proboscifera 


Conopistha argyrodes subsp. argyrodes (Walckenaer) 
Plate II, figures 18, 19 


Linyphia argyrodes Walckenaer, 1841, Ins. Apt., 11: 282. 

Linyphia gibbosa Lucas, 1846, Expl. Alg., Ar., 254, pl. 15, f. 9. 

Argyrodes argyrodes (Walckenaer). Simon, 1864, Hist. Nat. Araign., Ist ed., 
253; 1881, Arach. France, 5: 16, figs.; 1883, Ann. Soc. Ent. France, ser 6, 
3: 291; 1892-1895, Hist. Nat. Araign., 2d ed., 1: 503.—Keyserling, 1884, Spin. 
Amer., 2(1): 181-184 (synonymy in part only; not pl. 8, f. 109, = C. rufa 
(Walckenaer) ).—F. O. P. Cambridge, 1902, Biol. Centr.-Amer., 2: 404-405, 
pl. 38, f. 9 a-d, 10. 

Not Simon, 1914, Arach. France, 6(1): 290 (footnote) (=C. rufa 

(Walckenaer) ). 

Argyrodes epeirae Simon, 1866, Ann. Soc. Ent. France, ser. 4, 6: 282, pl. 4, f. 1-9. 

Argyrodes gibbosus (Lucas). Simon, 1914, Arach. France, 6(1): 243, 290.— 
Reimoser, 1919, Abh. Zool.-Bot. Ges. Wien, 10(2): 28. 


Walckenaer described Conopistha argyrodes (as Linyphia) from a 
specimen of uncertain locality (France, Algeria, or Guadeloupe?), and 
considered it specifically identical with Abbot’s unpublished figures of 
specimens from the State of Georgia. Simon (1864) restricted the 
specific name to the European-North African form and made it the 
genotype of Argyrodes. Thorell (1869) believed that a single species 
(Argyrodes argyrodes) is distributed in Europe, America, and Indo- 
Pacific islands (Réunion; questionably Java). More recently, European 
specialists (Simon, 1914; Reimoser, 1919) have revived A. gibbosus 
(Lucas) for the Afro-European population, applying A. argyrodes to an 
American form, Conopistha rufa (Walckenaer). American workers, 
on the other hand, usually have regarded C. argyrodes (Walckenaer) as 
applied correctly to the Old World form, recognizing three closely 
related American species, C. rufa (Walckenaer) (generally as C. 
trigonum (Hentz), C. cambridgei (Keyserling), and C. nephilae 
(Taczanowski). 

Comparison of several hundred Peruvian and Ecuadorian specimens 
of Conopistha nephilae (Taczanowski) with a few specimens of 
‘* Argyrodes epeirae Simon” (=C. argyrodes (Walckenaer) ) from Corsica 
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and the Canary Islands (Emerton collection, Museum of Comparative 
Zoology) convinces me that C. argyrodes and C. nephilae are con- 
specific. Male specimens from the two continents, however, can be 
separated by a consistent difference in head elevation and the correlated 
difference in the distance between median and lateral eyes. In all 
other respects the populations are identical. The two forms therefore 
are regarded as geographic subspecies of C. argyrodes, sensu lato. It is 
likely that restudy of Indo-Pacific specimens will demonstrate addi- 
tional subspecies of C. argyrodes. The confused synonymy has resulted 
from the lack of known type localities, the wide distribution of the 
species, and marked individual variation, complicated by dimorphism, 
change in shape between different instars, and ontogenetic differences 
in chitinization. 


Conopistha argyrodes subsp. nephilae (Taczanowski) 
Plate I, figures 1-14; Plate II, figures 15-17 


Argyrodes nephilae Taczanowski, 1872, Horae Soc. Ent. Ross., 9: 51.—Keyserling, 
1884, Spin. Amer., 2(1): 184-186, pl. 8, f. 110; 1891, Jbid., 3: 214.—Simon, 
1892-1895, Hist. Nat. Araign., 2d ed., 1:499.—Emerton, 1902, Common Spiders, 
125, f. 297-299.—Petrunkevitch, 1911, Bull. Amer. Mus. Nat. Hist., 29: 168. 

Not O. P. Cambridge, 1880, Proc. Zool. Soc. Lond., 324, pl. 28, f. 4 a-e. 
Petrunkevitch, 1930, Trans. Conn. Acad. Arts and Sci., 30: 179-182, f. 19-22. 
(These are C. cambridgei (Keyserling). ) 

Argyrodes elevatus Taczanowski, 1872, Horae Soc. Ent. Ross., 9: 57, pl. 5, f. 12. 
Keyserling, 1884, Spin. Amer., 2(1): 188, pl. 9, f. 112; 1891, Jbid., 3: 215. 
Petrunkevitch, 1911, Bull. Amer. Mus. Nat. Hist., 29: 167. 

Argyrodes jucunda O. P. Cambridge, 1880, Proc. Zool. Soc. Lond., 326, pl. 28, f. 6. 

Argyrodes lugens O. P. Cambridge, 1880, Proc. Zool. Soc. Lond., 327, pl. 28, 
f. 2 a-d.—Petrunkevitch, 1911, Bull. Amer. Mus. Nat. Hist., 29: 168. 

Argyrodes concinna O. P. Cambridge, 1880, Proc. Zool. Soc. Lond., 322, pl. 28, f. 2. 

Argyrodes jucundus Cambridge. Keyserling, 1884, Spin. Amer., 2(1): 190, pl. 9, 
f. 113; 1891, Jbid., 3: 214.—F. O. P. Cambridge, 1902, Biol. Centr.-Amer., 
2: 406, pl. 38, f. 14.—Petrunkevitch, 1911, Bull. Amer. Mus. Nat. Hist., 29: 167, 

Argyrodes cingulatus Petrunkevitch, 1925, Trans. Conn. Acad. Arts and Sci., 
27: 98-100, f. 3-5. 

Conopistha nephilae (Taczanowski). Bryant, 1940, Bull. Mus. Comp. Zool., 
86(7): 308; 1942, Jbid., 89(7): 339-340, pl. 2, f. 15, 26.—Chamberlin and Ivie, 
1944, Bull. Univ. Utah, 35(9): 37. 

Conopistha elongata Bryant, 1940, Bull. Mus. Comp. Zool., 86(7): 306-307, pl. 5, 
f. 68-69, 75-76. 


EXPLANATION OF PLATE I 


(All lateral views of the bodies or abdomens drawn to scale with the 
aid of a camera lucida. ) 


Figures 1-14. Conopistha argyrodes nephilae (Taczanowski). 

1. Lateral view of body of male three moults from maturity. 2. Lateral 
view of body of male, two moults from maturity. 3. Lateral view of body of 
male, penultimate moult, Manta, Ecuador. 4. Lateral view of body of mature 
male. 5. Palp of male in penultimate moult, cleared, structures drawn through 
chitin dotted. 6. Palp of mature male. 7. Lateral view of body of female, 
three moults from maturity. 8. Lateral view of body of female, two moults 
from maturity. 9. Lateral view of body of female in penultimate moult, Quebrada 
Mogollon, Peru. 10. Lateral view of body of mature female, Bafios, Ecuador. 
11. Genital plate of female in penultimate moult, partly dissected and cleared. 
12. Genital plate of mature female without exudation, cleared. 13. Lateral 
view of body of mature female, Bafios, Ecuador. 14. Lateral view of body of 
mature female, Bafios, Ecuador. 


Spiders from Peru and Ecuador PLaTE I 
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Male.—Total length, 3.07 mm.; length of cephalothorax, 1.26 mm.; 
height of carapace in front of thoracic groove, 0.27 mm.; height of 
carapace at head, 0.54 mm.; width of carapace, 0.72 mm. 

Carapace, legs and mouthparts predominantly brownish yellow to 
brown, the legs a little lighter than the body parts. Head slightly 
elevated, projecting anteriorly over chelicerae, narrow, a little bulbous 
at tip, and completely undercut past level of posterior median eyes 
Both pairs of median eyes borne by head. Directly under headpiece, 
clypeus swings out anteriorly in a tremendous hair-bearing process that 
projects a little farther than the head anteriorly. 

Eyes typical in size and shape, but lateral eyes farther from median 
eyes than in most other species of Conopistha or of females or immature 
specimens. Diameter of A. M. E., 0.09 mm.; P. M. E., 0.06 mm.; 
A. L. E., 0.07 mm.; P. L. E., 0.06 mm. Distance between A. M. E., 
0.10 mm.; P. M. E., 0.07 mm.; A. M. E. and P. M. E., 0.08 mm.; 
A. M. E. and A. L. E., 0.26 mm.; P. M. E. and P. L. E., 0.20 mm. 

Carapace widest near middle or just in front of the thoracic groove. 
Thoracic groove wide, transverse. Stridulating organs. present and 
rather coarsely striated. Chelicerae normal, furrow armed with one 
medium sized tooth on each side. Maxillae large, truncate in front with 
edge black and very thin, not quite meeting over lip, scopulate on medial 
surface with a scopulate tuft at inner anterior corner. Lip soldered to 
sternum, but with a slight chitinous groove marking division between 
them. Sternum typical, dark brown, narrowed posteriorly, extending 
half way between hind coxae. 

Legs normal. Width of patella 1,0.16 mm. Tibial index of first 
leg, 7. Leg measurements in millimeters: 


Femur Patella-tibia Metatarsus Tarsus Total 
DME ct pcseses 2.16 2.24 1.71 0.90 7.01 
BOER. occ acccs ccs, Boe 1.26 0.90 0.54 4.05 
BOM accutane ond 0.72 0.45 0.45 0.36 1.98 
SO Se 1.17 0.81 0.72 0.45 3.15 
eee 0.64 0.28-0.22 ere 0.54 1.68 


Abdomen conspicuously protruding behind and above spinnerets. 
Distance between base of abdomen and spinnerets less than between 
spinnerets and tip, tip blunt. Venter dark brown, dorsum and sides 
heavily plated with silver plaques. A dark narrow longitudinal line 
marks dorsal midline. Stridulating ridge on anterior lateral margin 
of abdomen with several denticles. Spinnerets and anal tubercle in 


EXPLANATION OF PLATE II 


(All lateral views of the bodies or abdomens drawn to scale with the 
aid of a camera lucida, except figure 18.) 


Figures 15-17.Conopistha argyrodes nephilae (Taczanowski). Lateral views of 
mature females, Bafios, Ecuador. 
Figures 18-19. Conopistha argyrodes argyrodes (Walckenaer). Corsica, as 
Argyrodes epeirae Simon. 
18. Side view of cephalothorax. 19. Palp of male. 
Figures 20-23. Conopistha cordillera n. sp. 
20. Side view of body of male. 21. Palp of male. 22. Side view of body of 
female. 23. Genital plate of female, with internal structures dotted. 


Spiders from Peru and Ecuador Pate II 
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compact group somewhat protruding from base of abdomen. Anterior 
spinnerets largest and cone shaped. 

Palp with rounded cymbium extending into a ventral anterior lobe 
protecting ventral arm of bulb. Ventral arm long, with a distinct 
dorsal tooth, tip blunt and thickened. Conductor broad, ending in a 
ventral median tooth or point. 

Female.—Total length, ~.54 mm.; cephalothorax, 1.09 mm.; height 
of carapace, 0.27 mm.; width of carapace, 0.69 mm. Carapace low, 
almost flat, anterior medium eyes projecting over clypeus; clypeus low, 
0.16 mm. high, sloping slightly forward; transverse groove wide and 
deep. Carapace gray with some yellow, becoming more yellow 
anteriorly and on mouthparts. Legs yellow, very pale near body, darker 
distally, with some brown annulations. Sternum very dark. Mouth- 
parts and sternum as in male. Eyes normal; measurements: diameter 
of A. M. E., 0.10 mm.; P. M. E., 0.06 mm.; A. L. E., 0.07 mm.; P. L. E., 
0.06 mm. Distance between A. M. E., 0.10 mm.; P. M. E., 0.08 mm.; 
between A. M. E. and P. M. E., 0.09 mm.; A. M. E. and A. L. E., 
0.06 mm.; P. M. E. and P. L. E., 0.06 mm. 

Legs as in male; width of patella 1, 0.16 mm.; tibial index, 8. 
Measurements of legs in millimeters: 


Femur  Patella-tibia Metatarsus Tarsus Total 
Leg 1..:... 2.07 2.03 1.44 0.81 6.35 
Leg 2.... 1.35 1.09 0.90 0.54 3.88 
Leg 3.... 0.72 0.54 0.45 0.36 2.07 
Leg 4.. 1.26 0.86 0.81 0.45 3.38 
Palp caahns 0.36 0.14-0.18 0.36 1.06 


Abdomen very high, projecting above spinnerets and a little beyond 
them, so that abdomen is higher than long. A fairly wide dark mid- 
dorsal longitudinal band divides the dorsum, the rest of which, with 
more than half the lateral surfaces, is thickly covered with irridescent 
silvery plaques. Venter and part of the sides dark brown. Spinnerets 
and anal tubercle as in male. 

Genital plate large, protruding from venter; connecting canals open 
on sides of plate, with fairly large openings, separated by about three 
times their diameter. (Females of C. cambridgei (Keyserling) are diffi- 
cult to separate from C. argyrodes, but the openings to the connecting 
canals in C. cambridgei are only twice their diameter apart.) The 
genital apparatus is simple: each connecting canal leads dorsally, then 
turns anteriorly to open almost immediately into a large receptaculum; 
the latter empties posteriorly and medially by a short fertilization duct 
into the uterus. In older mature females there is usually a heavy dark 
chitinous exudation that completely obliterates the openings to the 
connecting canals and changes the appearance of the genital plate. 
This exudation is undoubtedly formed after impregnation, but its cause 
and source are unknown. It is found likewise in the genital plates of 
females of other closely related Conopistka as well as females of Uloborus. 

Described male and female both from Parifias Valley, Department 
of Piura, Peru, collected April 16, 1939, by H. E. and D. L. Frizzell. 

Variation and Ontogeny.—Mature specimens from any one locality 
vary greatly in size. In a long series taken at Bafios, Ecuador, June 
15-21, 1943, mature males measure from 3.2 mm. to 4.4 mm., and 
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females from 3.0 mm. to 4.3mm. Males are usually a little longer than 
females, but the abdomen of females is much thicker and heavier and 
often higher. Considerable variation is noticed in the structure of 
the head and proboscis of males. The head of males is more elevated in 
some specimens than in others. In some males there is considerable 
space between the head and proboscis near the base of each, though 
they nearly always touch near the tip of the former. This is partly 
due to a fleshy tooth on the proboscis, partly to the distal enlargement 
of the head. The space between the two parts is almost obliterated in 
a number of specimens. As the mature males become older, the chitin 
darkens, and the hind part of the abdomen becomes rounded instead of 
pointed; the dorsal and lateral sides of the abdomen lose their silvery 
plaques, becoming more or less golden. 

As mature females age, they also lose the silvery plaques on the 
abdomen, but gradually become a golden brown to black, sometimes 
developing a few red spots. After insemination, the genital plate is 
usually covered with a heavy chitinous exudation that occludes the 
openings of the connecting canals and projects ventrally from the 
abdomen. This exudation takes varying shapes. The size of the abdo- 
men varies greatly in different specimens due to the condition of the 
ovaries (see figures 10, 13-17). 

Young males and females can be distinguished three moults from 
maturity by the slightly swollen palps of the males. At this stage, the 
spiders of both sexes are quite small, the abdomen is rounded and 
the spinnerets are almost terminal. The upper sides of the young 
spider are completely silvery or covered with large silvery plaques 
(see figures 1 and 7). Two moults from maturity, the abdomen of both 
sexes becomes higher; the palp of the male is quite swollen but the 
head has not become differentiated (see figures 2 and 8). During the 
penultimate moult, the male has developed a head and proboscis which 
are not fully formed, and the palpal organs are well developed under the 
outer chitin of the palp. The stridulating organs do not appear until 
the last moult (see figures 3 and 5). Females in the penultimate 
moult are nearly full grown, with the genital plate completely formed 
though not chitinized, and the openings into the connecting canals 
have often not broken through the outer chitin. The abdomen is 
pointed and the sides and dorsum are mostly covered with silver plaques 
(see figures 9 and 11). 

Localities —Uassa, French Guiana (type locality according to 
Bryant, 1940). 

Ecuador—Province of El Oro: 2 km. W. Sta. Rosa, Oct. 28, 1942, 
R. Walls. Province of Tungurahua: Bafios, May 7, 1942, June 15-21, 
1943; Pufiapi, June 20, 1943. Province of Manabi: Manta, June 5, 
1942. H.E. and D. L. Frizzell except as noted. 

Peru—Department of Piura: near town of Sullana on Chira River, 
Oct. 8, 1939, Dec. 31, 1941, Jan. 4, 1942; Higueron on Quiroz River, 
July 29, 1941; Parifias Valley, Mar. 26, Apr. 8, 16, 23, May 7, 21, June 
25, 28, July 3, Aug. 6, 1939; Quebrada Mogollon, April 30, June 11, 
July 16, Sept. 24, 1939, Nov. 2, 1941; Cerro Negro, June 15, 1941; 
Quebrada Séngora, Apr. 20, 1941. 
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Conopistha cordillera n. sp. 
Plate II, figures 20-23 


Male.—Total length, 2.79 mm.; length of carapace, 1.20 mm.; 
greatest width of carapace, 0.70 mm.; height of carapace, 0.28 mm. 
Carapace dark brown, becoming a little lighter posteriorly; very blunt 
and broad in front, slightly constricted at sides behind eyes, widest 
just behind middle, cephalic grooves broad and deep on sides but not 
uniting with thoracic groove behind; thoracic groove straight, shallow. 
Median area behind thoracic groove slightly elevated, bearing stridu- 
lating areas on postero-lateral sides. Clypeus 0.22 mm. high, with 
shallow constriction under eyes, then bulging out slightly on both sides 
of mid-line; ventral margin smooth. 

Chelicerae quite long, each furrow armed with one tooth. Maxillae 
long, meeting over lip, with distal lateral angle almost 90°; distal 
margin horizontal. Lip almost square, soldered to sternum but with 
distinct groove separating it. Mouthparts all light brown. Sternum 
very dark brown, shiny; almost straight in front, not collared for lip; 
separating hind coxae more than half way, posterior tip blunt. 

Eyes typical of genus. Diameter of A. M. E., 0.08 mm.; P. M. E., 
0.08 mm.; A. L. E., 0.07 mm.; P. L. E., 0.06 mm. Distance between 
A. M. E., 0.14 mm.; P. M. E., 0.12 mm.; A. M. E. to P. M. E., 0.06 mm. ; 
A. L. E. to A. M. E., 0.12 mm.; P. M. E. to P. L. E.,0.10 mm. Lateral 
eyes nearly contiguous. 

Legs all light yellow. Diameter of patella 1, 0.14 mm. Tibial 
index of first leg, 6.4. Length of legs in millimeters: 


Femur  Patella-tibia Metatarsus Tarsus Total 
OR 4 ovis ects. 2.20 1.16 0.70 6.08 
MOE: ccvesssess Se 1.32 0.74 0.54 3.82 
Leg 3 (left)...... 0.70 0.60 0.34 0.40 2.04 
nosh area 1.00 1.00 0.62 0.32 2.94 
WE ore vans 0.54 0.20-0.20 eet, 0.32 1.26 


Palp long and slender; bulb slender; conductor conspicuously long 
and broad toward tip. 

Abdomen low, long, extending beyond spinnerets in a blunt and 
somewhat corrugated tip without conspicuous humps; all black with a 
broad dorso-lateral stripe of silvery plaques on each side, separated 
by a narrow median black stripe; above spinnerets there is a pair of 
silvery spots on each side; anterior part of abdomen heavily chitinized, 


EXPLANATION OF PLATE III 


(All lateral views of the bodies or abdomens drawn to scale with the 
aid of a camera lucida. ) 


Figures 24-33. Conopistha manta n. sp. : 

24. Lateral view of body of male. 25. Lateral view of body of female 
26. Genital plate of female, external view. 27. One-half genital plate of female, 
cleared. 28. Lateral view of abdomen of immature female, Hda. Mallares, 
Peru. 29. Lateral view of abdomen of immature male, Hda. Mallares, Peru. 
30. Lateral view of abdomen of female, Sullana, Peru. 31. Palp of male. 
32. Lateral view of abdomen of immature female from Hda. Mallares, 
Peru. 33. Lateral view of abdomen of male, Chira River valley, Peru. 


Piate III 
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with two teeth on the anterior border of each side for stridulating with 
organ on cephalothorax. 

Female.—Total length, 2.97 mm.; length of carapace, 0.96 mm.; 
width of carapace, 0.72 mm.; height of carapace, 0.30 mm.; height of 
clypeus, 0.14 mm. Carapace dark shiny brown. Clypeus indented 
under median eyes, but without definite groove, then strongly arched 
and inclined forward. Grooves shallow, thoracic groove straight. 
Posterior part of carapace with well developed stridulating areas as in 
male. Mouthparts slightly paler than carapace, similar to male except 
for lip which is broader than long and more rounded anteriorly. Sternum 
dark brown, broad and blunt behind, extending only to middle of 
hind coxae. 

Eyes typical. Diameter of A. M. E., 0.08 mm.; P. M. E., 0.08 mm. ; 
A. L. E., 0.07 mm.; P. L. E., 0.06 mm. Distance between A. M. E. 
0.11 mm.; between P. M. E., 0.10 mm.; A. M. E. and P. M. E., 0.07 mm.; 
A. L. E. and A. M. E., 0.09 mm.; P. M. E. and P. L. E., 0.06 mm. 

Legs all yellowish brown, darker around joints. Diameter of 
patella of leg 1, 0.10 mm. Tibial index, 6.6. Length of legs in 
millimeters: 


Femur  Patella-tibia Metatarsus Tarsus Total 
Leg | 1.52 1.50 0.80 0.60 3.42 
Leg 2 0.94 0.96 0.54 0.52 2.96 
Leg 3 0.62 0.52 0.34 0.40 1.88 
Leg 4 1.20 0.96 0.58 0.52 3.26 
Palp 0.26 0.10-0.16 0.30 0.82 


Abdomen very high, projecting somewhat over cephalothorax, with 
lateral anterior humps in allotype which are missing in some of the 
paratypes. Abdomen very light above, spotted with white or silvery 
plaques and divided longitudinally by a narrow median black stripe; 
dark brown or black on sides (sides pale gray in some paratypes), 
black on venter and posterior with a few light patches on venter and 
a pair of white patches on postero-lateral sides above spinnerets. 
Abdomen projects behind and considerably above spinnerets in a 
median knob, with indications of a pair of dorso-lateral humps anterior 
to median projection. Spinnerets normal. Area of genital plate 
swollen, with small chitinous epigynum projec ting horizontally a short 
distance above genital furrow; no atrium visible externally. Genital 
area of a paratype female was cleared in clove oil and mounted in 
damar, making visible the internal structure. A small opening on 
each side of the epigynum leads into the connecting canals. Each 
connecting canal makes a wide median turn, then swings laterally 
between the opening and the receptaculum to enter the latter on its 
postero-lateral margin. The receptacula are jarge and round, and are 
drained medially by typical fertilization ducts. 

Diagnostic Characters.—Carapace broad and blunt anteriorly, con- 
stricted behind eyes; head and clypeus without apophyses, pits, or 
grooves, but clypeus slightly swollen in front and inclined forward; 
maxillae angular at antero-lateral margin and straight in front, lip 
almost square. Abdomen low, long, and extending well beyond spin- 
nerets; very dark with very light dorsum. Palp long and slender with 
long conductor. The female is unusual in possessing stridulating organs 
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and in having leg 4 longer than leg 2. The genital plate is swollen, 
with a small.vertical epigynum without visible atrium or openings. 
The internal structures of the genital plate are simple but characteristic. 

C. cordillera is not closely related to any other species found in 
Peru or Ecuador, but somewhat resembles C. acuminata (Keyserling) 
from Brazil. C. acuminata has a small chitinous groove under the eyes 
on the clypeus, the body is shorter than C. cordillera, and the genital 
organs of both sexes are quite different. 

Localities —Ecuador—Province of Tungurahua: Bafios, June 15-21, 
1943 (holotype, allotype, some paratypes); Ambato, June 8-14, 1943 
(paratypes). H. E. and D. L. Frizzell. 

The trivial name is a noun in apposition. 


Conopistha rorerae n. sp. 
Plate IV, figures 38-42 

Male.—Total length, 1.96 mm. Carapace, 0.92 mm. long; 0.28 mm. 
high, and 0.64 mm. wide. Carapace and legs light yellowish brown; 
sternum and ventral mouthparts darker. Chelicerae and maxillae 
normal. Eyesnormal for genus. Diameter of eyes: A. M. E., 0.09 mm.; 
P. M. E., 0.07 mm.; A. L. E., 0.07 mm.; P. L. E., 0.08 mm. Distance 
between P. M. E., 0.09 mm.; A. M. E., 0.07 mm.; P. M. E. to A. M. E., 
0.08 mm.; A. M. E. to A. L. E., 0.08 mm.; P. M. E. to P. L. E., 0.07 mm. 
The lateral eyes are contiguous. Lip normal, rounded in front, much 
wider than long. Sternum very broad anteriorly, collared to join lip; 
narrowed gradually to a point posteriorly where it separates hind 
coxae two-thirds of their diameter. 

Legs, 1 2 4 3 in relative length. Width of patella of first leg, 
0.11 mm.; tibial index, 7.7. Measurements of legs in millimeters: 

Femur  Patella-tibia Metatarsus Tarsus Total 

Leg 1 1.42 1.42 0.86 0.46 4.16 

Leg 2 0.76 0.76 0.48 0.32 2.34 

Leg 3 0.46 0.44 0.28 0.26 1.44 

Leg 4 0.72 0.64 0.38 0.28 2.02 

Palp 0.32 0.16-0.16 ea 0.30 0.94 

Leg 3 with only four trichobothria on tibia in 2 rows, but one of these 
near middle of segment is extremely long. 

Palp with embolus long and coiled once on inside of bulb before 
reaching tip. Stridulating organs on carapace normal. 

Abdomen, total length, 1.02 mm.; from the anal tubercle to anterior 
ventral margin, 0.78 mm.; height, 0.90 mm. Abdomen light reddish- 
brown below and light yellow dorsally. A pair of conspicuous, large 
patches of silvery plaques behind the middle extends from the dorsal 
surface halfway down the sides. On the side above the spinnerets 
there is a shiny round, white spot. The base of the abdomen has a 
heavily chitinized border with 2 teeth dorso-laterally for stridulating 
with the carapace. The area covering the book lungs and genital area 
is heavily chitinized and shiny brown. The spiracular groove is near 
the spinnerets. Spinnerets are light brown, characteristic of the genus 
in shape and arrangement. A small colulus is present. 

Female.—Total length, 2.24mm. Carapace 0.80 mm. long, 0.26 mm. 
high, 0.60 mm. wide. Cephalothorax and legs yellow, with legs brownish 
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toward tips. Sternum yellow brown. Clypeus 0.14 mm. high, with a 
slight furrow beneath anterior median eyes, though not a definite crease 
as in the male; clypeus bulges somewhat in front beneath furrow. 
Mouthparts as in male, except that demarcation between lip and 
sternum is indistinct. Sternum same shape as in male, but extending 
farther between hind coxae and not so pointed behind. 

Eye measurements: P. M. E., 0.07 mm.; A. M. E., 0.08 mm.; 
P. L. E., 0.06 mm.; A. L. E., 0.06 mm. Distance between: P. M. E., 
0.09 mm.; A. M. E., 0.07 mm.; P. M. E. and A. M. E., 0.05 mm.; 
P. M. E. and P. L. E., 0.05 mm.; A. M. E. and A. L. E., 0.04 mm. 

Legs, 1 2 4 3; tibial index 9.5, with width of patella of leg 1, 
0.12 mm. Measurements of legs in millimeters: 


Femur Patella-tibia Metatarsus Tarsus Total 
OO" ree 1.26 1.26 0.72 0.48 3.72 
BE cinvexcaes 0.72 0.72 0.46 0.36 2.26 
BG ckncikea wes 0.48 0.46 0.30 0.26 1.50 
BOM Be itcssavces 0.76 0.68 0.38 0.24 2.06 


Legs armed as in male. 

Length of abdomen, 1.82 mm.; height, 1.660 mm. (The allotype 
was gravid when taken, and its abdomen is much heavier than in some 
of the paratypes. It overhangs the cephalothorax, and is swollen 
laterally so that there is a heavy crease down the center.) Background 
color is bright rust much sprinkled with silvery plaques. A pair of 
lateral silvery patches is present as in the male, but these appear farther 
forward, and almost coalesce above the spinnerets with the silvery white 
spot which is not so conspicuous as in the male. Posterior part of 
abdomen lightly covered with silvery spots. Spinnerets as in male. 
The epigynum is a small protruding lip above a small fairly wide atrium, 
at the sides of which are the openings of the connecting canals (see 
figures 41, 42). The receptacula are rarely visible through the chitin 
of the genital area, but show plainly immediately above lateral sides of 
atrium when the genital area is removed from the tissues underneath, 
or when cleared. The connecting canals are located beneath the 
atrium and posterior to the receptacula. 

Diagnostic Characters—The predominantly brown color of the 
abdomen and its globose shape separate C. rorerae from most South 
American species of the genus. The unusual length of trichobothrium 
on tibia of third leg in both sexes is characteristic as well as the detailed 
structure of male ‘palpi and genital plate of female. This species closely 
resembles C. globosa (Keyserling) described from Florida. I am 





EXPLANATION OF PLATE IV 
(All lateral views of the bodies or abdomen drawn to scale with the 
aid of a camera lucida. ) 


Figures 34-37. Conopistha spinosa (Keyserling). 

34. Lateral view of body of male. 35. Palp of male. 36. Lateral view of 
body of female. 37. Genital plate of female, with internal structures dotted. 
Figures 38-42. Conopistha rorerae n. sp. 

38. Lateral view of body of male. 39. Palp of male. 40. Lateral view of 
body of female. 41. Genital plate of female. 42. One-half genital plate of female, 
cleared. 
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separating them because the abdomen in C. globosa extends considerably 
beyond the spinnerets, a condition not found in C. rorerae. Keyserling’s 
figure of the male palp is not sufficiently detailed for close comparison 
but it does not appear to agree with that of C. rorerae. C. argenteo- 
maculatus (Cambridge), described from Mexico, is also quite similar to 
C. rorerae, but the structure of the palpi of the two species is widely 
divergent. 

Localities —Ecuador—Province of Guayas: Milagro, July 4, 1943 
(holotype, allotype, some paratypes), H. E. and D. L. Frizzell; near 
Guayaquil, May 1, 1942 (two male paratypes), D. L. Frizzell. 

This species is named in honor of Mrs. James B. Rorer, of Hda. San 
Miguel, Milagro, who is well-known for her beautiful collection of 
Ecuadorian butterflies. 


Conopistha spinosa (Keyserling) 
Plate IV, figures 34-37 


Argyrodes spinosus Keyserling, 1884, Spin. Amer., 2(1): 201-202, pl. 9, f. 121 a-c; 
1891, Ibid., 3: 214, pl. 8, f. 155 a-c. 


Male.—Total length, 2.74 mm.; length of carapace, 1.14 mm.; 
greatest height behind middle of cephalothorax, 0.56 mm.; width, 
0.80 mm.; height of clypeus, 0.40 mm.; length of abdomen, 1.60 mm.; 
height of abdomen, 1.20 mm. 

Clypeus almost vertical, somewhat produced below median part of 
ventral margin; incised in middle of face by a narrow but fairly deep 
groove, well below eyes. Head parts not at all produced, low, slanting 
evenly backward to thoracic groove; thoracic groove transverse, straight, 
deep, with well-marked cephalic grooves extending antero-laterally to 
sides of head. Thoracic part highest behind thoracic groove, rounded 
to posterior margin. Stridulating patches conspicuous, coarsely 
striated. Entire cephalothorax bright dark brown, graduating to a 
slightly lighter shade on the clypeus. 

Eye measurements: diameter of P. M. E., 0.06 mm.; A. M. E., 
0.11 mm.; A. L. E., 0.06 mm.; P. L. E., 0.07 mm. Distance between 
P. M. E., 0.15 mm.; A. M. E., 0.08 mm.; A. M. E. and P. M. E., 0.10 
mm.; A. L. E. and A. M. E., 0.12 mm.; P. L. E. and P. M. E., 0.12 mm. 
Mouthparts and sternum as in other species; the sternum extends only a 
short way between hind coxae but a dark brown extension of it com- 
pletely separates them. 

Legs normal for genus; anterior pair brownish yellow, others incon- 
spicuously banded in brown and yellow; width of patella 1, 0.12 mm.; 
tibial index of anterior legs, 6. Measurements of legs in millimeters: 


Femur Patella-tibia Metatarsus Tarsus Total 
6 ee 1.94 2.20 1.12 0.68 5.94 
ee Quis... vsseku eee 1.22 0.66 0.50 3.50 
BME Riess sos balacse keen 0.62 0.34 0.30 a 
Sire See 1.08 0.82 0.46 0.32 2.68 
Dies’ s Aesee 0.36 0.18-0.22 ; 0.54 1.30 


The tarsus of the palp is especially long and heavy in comparison to 
the proximal segments. The cymbium is oval and wide, blunt at tip. 
The coiled embolus is conspicuous in the open part of the bulb, forming 
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at least two spirals arranged like a watch-spring; the tip is protected 
by a conductor on the pro-lateral side of the bulb. 

The abdomen is dull brown with a few small silvery spots along the 
sides. The base is well chitinized around the pedicel, with a dorso- 
lateral tooth on each side of its margin for stridulating with plate on 
cephalothorax. Postero-laterally the abdemen bears a large fleshy 
hump on either side, and between these, dorso-posteriorly, are two 
pairs of long abdominal spine-like extensions, the ventral pair longer 
than the dorsal. The spinnerets and anal tubercle situated on a some- 
what protuberant postero-ventral part, dark and normal for genus. 

Female.—Total length, 1.80 mm.; length of cephalothorax, 0.80 mm. ; 
height of carapace, 0.28 mm.; width, 0.54 mm.; length of abdomen, 
1.12 mm.; height of abdomen, 1.16 mm.; height of clypeus, 0.18 mm. 

Clypeus almost vertical, slightly slanting forward with a narrow 
incision under anterior median eyes which protrude a little in front 
over the clypeus; clypeus not produced below as in male. Head 
evenly rounded in front; and carapace almost evenly rounded from 
cephalic part to posterior margin. Thoracic groove not as deep nor 
conspicuous as in male; cephalic grooves well marked but shallow. 
Mouthparts and sternum as in male, except that sternum is broader 
behind and more blunt, ending halfway between hind coxae. 

Measurement of eyes—Diameter of A. M. E., 0.11 mm.; P. M. E., 
0.08 mm.; A. L. E.,.0.06 mm.; P. L. E., 0.10 mm.; distance between 
A. M. E., 0.09 mm.; P. M. E., 0.10 mm.; P. M. E. and A. M. E., 
0.09 mm.; P. M. E. and P. L. E., 0.06 mm.; A. L. E. and A. M. E., 
0.06 mm. 

Legs similar to those of male; first legs dark brown graduating to 
yellow towards tarsi. Posterior three pairs conspicuously banded in 
reddish brown alternating with yellow. Width of patella 1, 0.12 mm.; 
tibial index of first pair of legs, 8. Measurements of legs in millimeters: 


Femur Patella-tibia Metatarsus Tarsus Total 


1.40 1.44 0.66 0.50 
0.80 0.80 0.44 0.34 
0.46 0.26 0.24 

0.68 0.32 0.26 

0.10-0. 16 ates 0.28 


Abdomen large, heavy, mostly brown shading into black, with 
irregular patches of white or silvery spots; bluntly rounded behind with 
lateral humps as in male but far less conspicuous. The posterior part 
of the abdomen bears two pairs of small spinous tubercles in place of the 
large spines borne by the male abdomen. Spinnerets dark as in male. 
The genital plate is large with a conspicuously projecting scape-like 
epigynum. The openings into the connecting canals are fairly large 
without an atrium, very widely separated, located directly posterior 
to the lateral origin of the scape. Each connecting canal follows a 
tortuous course in the posterior lateral part of the genital plate, arching 
upwards above the scape to empty into a receptaculum hardly larger 
than the diameter of the connecting canal. The receptaculum is 
emptied by the fertilization duct from its lateral posterior side; the 
duct drains medially into the uterus under the epigynum. 








524. Annals Entomological Society of America |Vol. XX XVIII, 


Diagnostic characters——Small, dark, heavy spiders. The abdomen 
has a pair of lateral humps, and medially in the male two pairs of long 
sharp posterior abdominal spines, the lower pair longer than the upper 
pair; these spines in the female are reduced to mere tubercles. The 
clypeus in both sexes is almost vertical, in the male with a transverse 
groove midway between eyes and ventral margin, and the ventral 
margin is somewhat produced. The palp of both sexes is short with 
the tarsus in the male large and heavy. Cymbium of the tarsus blunt 
at tip; embolus coiled, forming at least two spirals, with its tip pro- 
tected by a pro-lateral conductor. Genital plate of female large, 
with large scape-like epigynum, and with the openings into the con- 
necting canals widely separated; no atrium. Abdomen brown and 
black with white or silvery spots, having a marbled appearance. 

Although I have not seen the types of Argyrodes spinosus Keyserling, 
and his figure of the male palp is poor, I have little doubt in assigning 
my specimens to Keyserling’s species, mostly on the basis of the exact 
correlation of the abdominal spines with Keyserling’s figures and 
descriptions. 

Localities —Eucador—Province of Guayas: Milagro, July 4, 1943 
(males and females), H. E. and D. L. Frizzell. Peru—Amable Maria 
in Amazon drainage, Keyserling. Brazil—Espirito Santo, Keyserling. 


Conopistha manta n. sp. 
Plate III, figures 24-33 

Male.—Total length, 3.51 mm.; carapace, 1.40 mm.; height of 
carapace, 0.36 mm.; width of carapace, 0.80 mm.; height of clypeus, 
0.26 mm. 

Carapace very dark brown, graduating into light yellow anteriorly; 
clypeus and chelicerae yellow; proximal part of femora and part of 
metatarsi yellow; rest of legs dark brown. Sternum dark brown, with 
smooth surface. Distal tip of lip and maxillae yellow. Anterior 
part of head slightly prolonged in front so that anterior median. eyes 
overhang clypeus. Under anterior median eyes there is a definite 
chitinous crease forming on each side, ventral and lateral to the eyes, a 
small pit. Carapace long, evenly rounded on sides, widest at middle. 
Cephalic grooves with a small deep whitish pit midway between eyes 
and thoracic groove. Thoracic groove wide. Stridulating plates large 
with many striations. Chelicerae normal, with one large medial tooth 
on pro-margin of furrow, one small medial tooth on retromargin. 
Maxillae narrow at base with external anterior corner forming an 
angle of slightly more than 90°; not quite meeting over lip, but nearly 
parallel and scopulate on inner margin. Lip soldered; longer than usual, 
rounded anteriorly. Sternum triangular, only slightly collared at base 
of lip. Sternum proper projecting only slightly between hind coxae 
which are not far apart; there is a narrow chitinous projection of the 
sternum, however, that completely separates the hind coxae. 

Measurements of eyes: diameter of A. M. E., 0.11 mm.; P. M. E., 
0.08 mm.; P. L. E., 0.08 mm.; A. L. E., 0.07 mm.; distance between 
A. M. E., 0.12 mm.; P. M. E., 0.12 mm.; A. M. E. and P. M. E., 
0.12 mm.; P. M. E. and P. L. E., 0.09 mm.; A. M. E. and A. L. E., 
0.10 mm. 
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Legs normal, 1 2 4 3. Width of patella, 0.16 mm., tibial index, 
Measurements of legs in millimeters: 


Femur 
2.70 
1.44 
0.82 


Patella-tibia Metatarsus 
3.27 
1.71 
0.76 


Tarsus 
0.76 s 


0.60 


1.26 1.04 


0.20-0.28 


aes). 6a 0.42 


4 
0.42 2. 
3. 
0.44 1 


7 
50 
34 

.54 


Legs armed as in other species of Conopistha. Palp long and 
slender; bulb with heavy embolus, widely spiraled and protected by 
conductor at tip (see figure 31). 

Abdomen, total length, 2.06 mm.; from pedicel to tip of anal 
tubercle, 1.08 mm. A broad dark gray band covers dorsum and 
posterior side of abdomen. Sides are light gray interspersed with 
silvery plaques. The abdomen is greatly prolonged behind and slightly 
elevated. The prolongation has a small hump on each side. The 
base of the abdomen is heavily chitinized, especially on the dorso- 
lateral margin which bears a sharp stridulating tooth and several 
serrations. The chitin over the book lungs is a conspicuous plate, and 
the area in front of the genital groove is heavily chitinized. The 
spiracular groove is fairly near the spinnerets, with the midventral 
area behind it to the spinnerets well chitinized. The spinnerets are 
normal, dark, with no colulus visible in front of them. 

Female.—-Total length, 3.51 mm.; carapace, 1.16 mm.; height, 
0.28 mm.; width, 0.66 mm.; height of clypeus, 0.18 mm. 

Cephalothorax, legs, mouthparts and sternum brown with only a 
little yellow, much as in male; without pits in cephalic grooves. 
Chelicerae same as in male. Maxillae heavier and less angular than in 
male; palp with one rather long claw. Sternum much the same as 
male sternum, except that it ends in a point abruptly midway between 
hind coxae. Clypeus lower than in male, without crease in chitin under 
the anterior median eyes but with a shallow groove. Anterior part of 
head not projected noticeably as in the male. 

Measurements of eyes: P. M. E., 0.08 mm.; A. M. E., 0.10 mm.; 
P. L. E., 0.07 mm.; A. L. E., 0.07 mm.; distance between eyes: 
P. M. E., 0.12 mm.; A. M. E., 0.07 mm.; A. M. E. and A. L. E., 
0.05 mm.; P. M. E. and P. L. E., 0.05 mm. 

Legs 1 2 4 3; width of patella, 0.14 mm.; tibial index, 6. 
ments of legs in millimeters: 


Measure- 


Patella-tibia Metatarsus 
2.34 0.86 
1.24 0.70 
0.60 0.40 
0.80 0.48 


Femur 
1.98 
1.02 
0.58 
0.96 


Total 
5.82 
3.42 
1.90 
2.56 


Tarsus 
0.64 
0.46 
0.32 
0.32 


Leg 1. 
Leg 2..... 
Leg 3 


Legs armed as in typical species of the genus and agree with those 
of the male. 

Abdomen, total length, 2.07 mm.; from pedicel to tip of anal 
tubercle, 1.36 mm. Abdomen dark with band on dorsum almost black. 
Abdomen with same shape as in male, but heavier and higher. Sides 
of abdomen same but with fewer silvery plaques and integument has a 
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reddish brown tinge rather than gray. Spinnerets and spiracular 
groove are the same. Area around base of abdomen not chitinized as 
in the male. Area in front of genital groove heavily chitinized, horse- 
shoe shaped. Epigynum darkened, heavily chitinized, folding back on 
itself, projecting slightly over middle of atrium. Atrium placed well 
in front of genital groove, wide and narrow, undivided (see figure 26). 
Connecting canals and receptacula invisible through chitin from 
exterior view. The genital plate of a paratype specimen was removed 
for study and cleared in clove oil. The connecting canals open from 
the bottom of the atrium coiling posteriorly and toward the midline, 
then spiral anteriorly to the lateral sides of the receptacula. The 
fertilization ducts empty from the receptacula medially (see figure 27). 

Growth and variation——In young specimens three or four moults 
from maturity, the abdomen is blunt and short, barely extending beyond 
the spinnerets. There is a large postero-lateral hump on each side and 
one longer median hump, slightly dorsal, that projects from the abdomen 
like a tail-bud (see figures 28, 29). In specimens one to two moults 
from maturity the abdomen becomes more slender and elongate, 
extending the median posterior part far behind the spinnerets. The 
abdomens of mature males are usually more slender than of the females 
and project posteriorly, whereas the abdomens of females project more 
dorsally. In some males the projection may be very long, and in some 
the lateral humps are barely discernible. The dorso-lateral sides of 
the abdomens of males, especially, are often slightly scalloped along 
the borders of the longitudinal band. The median hump of the 
abdomen, or posterior extension of it, in both sexes, is often flattened 
posteriorly or ends in four or five secondary humps (see figures 30, 
32, 33). 

Mature specimens vary considerably in size. The holotype and 
allotype are of about average length. A large male from Higueron, 
Peru, measures 4.6 mm. in length. 

Spiders of this species vary in color intensity but not much in 
pattern, except in a few cases where the longitudinal band on the 
abdomen is not discernible. Some specimens are very light in color, 
with pale yellow cephalothorax, almost white legs and with the abdomen 
covered with white or silvery plaques. Many Peruvian specimens from 
Parifias Valley and the Chira River Valley are light in color, whereas 
specimens from Ecuador and the Andean foothills of Peru are dark with 
brown cephalothorax and legs, and with the abdomen almost black 
except for silvery plaques on the sides. 

Diagnostic characters——C. manta is closely related to C. partita 
(Walckenaer) (C. cancellata (Hentz) ). The structure of the palpi of 
the two species is very similar, although that of C. partita is heavy and 
thick, and that of C. manta is slender. The structure of the genital 
plate of the two species is somewhat similar but cannot be confused if 
cleared with a reagent. Externally the genital area of C. partita is 
much more swollen than in C. manta, and has a longer epigynum or 
projection from the anterior border of the atrium. Internally, the 
connecting canals of C. partita are far more coiled and longer, and 
empty into very small and poorly developed receptacula. In C. manta 
the receptacula are fairly large and well developed. 
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In C. partita the head is not produced in front, the groove in the 
clypeus is well below the anterior median eyes, and the ventral border 
of the clypeus is considerably produced. In C. manta there is a crease 
of chitin very close to the anterior median eyes on the clypeus, and the 
ventral border of the clypeus is not produced. The abdomens of the 


two species are similar in shape, but those of C. manta are longer and 
more produced behind. 


C. manta is distinguished from C. vittata (Keyserling) described from 
Bogot4, Colombia, and Pumamarca, Peru, by the distinctive external 
genital organs. Also the abdomen is high and pointed in C. vittata, 
whereas the abdomen of C. manta is not pointed. C. manta seems to 
be a coastal species, whereas specimens of C. vittata have been reported 
only from high altitudes. C. manta differs from C. amplifrons (Keyser- 
ling), described from Paltapampa, Peru, and Amazonas, Brazil, in the 
form of the external genital organs and the shape of the clypeus, position 
of the clypeal groove, and the shape of the abdomen. 

Localities —Ecuador—Province of Manabi: Manta, June 5, 1942 
(holotype, allotype), H. E. and D. L. Frizzell. Province of Guayas: 
Milagro, Jan. 2, 4, 1943, H. E. and D. L. Frizzell. Province of El Oro: 
Quebrada Bejucal, 10 km. W.S.W. of Arenillas, R. Walls. (Paratypes 
except as indicated.) 

Peru—Department of Piura: Parifias Valley, April 23, 1939; 
Higueron, July 29, 1941; Quebrada Mogollon, Nov. 2, 1941; Sullana, 
Oct. 8, 1939; Hda. Mallares in Chira River valley, Nov. 30, Dec. 31, 
1941, Jan. 4, 1942. H. E. and D. L. Frizzell. (Paratypes.) 


The trivial name is a noun in apposition. 


Conopistha cochleaforma Exline 
Cono pistha cochleaforma Exline, 1945, Trans. Conn. Acad. Arts and Sci., 36: 178-181, 
f. 1-4. 


Localities —Ecuador—Province of Tungurahua: Bafios. Province 
of Napo-Pastaza: Topo River. 


Conopistha sullana Exline 


Conopistha sullana Exline, 1945, Trans. Conn. Acad. Arts and Sci., 36: 181-184, 
f. 9-13. 


Localities —Peru—Department of Piura: Sullana; Chira River 
valley; Quebrada Mogollon; Quebrada Séngora. 
The trivial name is a noun in apposition. 


Conopistha proboscifera Exline 
Conopistha proboscifera Exline, 1945, Trans. Conn. Acad. Arts and Sci., 36: 184-187, 
f. 5-8. 


Locality.—Ecuador—Province of Napo-Pastaza: Topo River. 
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A STATISTICAL STUDY OF TAXONOMIC CATEGORIES 
IN ANTS (FORMICIDAE: LASIUS NEONIGER 
AND LASIUS AMERICANUS)! 


ELLA VIRGINIA GREGG 


Hull Zoological Laboratory, 
University of Chicago 


This work is an attempt to analyze statistically the differences which 
separate two varieties of the ant Lasius niger, namely variety neoniger 
Emery and the subspecies alienus Forster variety americanus Emery. 
It tests the morphological characters used by taxonomists to separate 
these forms and correlates the differences with their ecological 
distribution. 

An examination of Talbot’s (1934) table of ant distribution in the 
Chicago area showed two good cases (Formica pallide-fulua complex 
and Lasius niger group) of distributional overlap of varieties in certain 
portions of their ranges. The Lasius niger group was chosen for study 
because of measurable, morphological differences between the workers 
of the two varieties. 

It has long been recognized that ant nomenclature is complicated, 
employing as it does the quadrinomial system, and that a very real need 
for simplification exists. While subspecies may be divided into smaller 
categories that are real on theoretical grounds, the bases for such sep- 
aration often cannot be subjected to critical evaluation. Creighton 
(1938) summarizes briefly the history of the system, points out the 
value of adequate field studies to demonstrate the geographical nature 
of infra-specific categories, and advocates the merging of the two 
subspecific ranks. Buren (1944) follows Creighton’s lead and recognizes 
only one infraspecific unit, the subspecies. However, unlike Creighton 
who believes most subspecies are geographical races, Buren favors the 
ecological nature of many variants. Cole (1938) would eliminate 
varieties of species or subspecies because they are ecologically or geo- 
graphically isolated populations within a species which yet intergrade 
with the species and are thus actually of subspecific rank. Mayr (1942) 
points out the frequent occurrence among ants of sibling species most of 
which are still called subspecies or varieties even though they may live 
in the same habitat but behave like different species. With additional 
field work to determine the actual geographic range and ecologic dis- 
tribution of various forms, simplification of Formicid nomenclature 
should proceed along two lines: (1) the realization that infraspecific 
ranks are but steps of greater or lesser magnitude in the speciation 
process and the possibility then of elimination of the varietal category, 
and (2) the recognition and elevation to specific rank of morphologically 


‘The author wishes to express sincere appreciation to Dr. A. E. Emerson 
for generous assistance and to Dr. Thomas Park for aid in the statistical analysis. 
Many thanks are extended to her husband, Dr. R. E. Gregg, and to Dr. Thomas 
Park for critical readings and manuscript. Dr. N. A. Weber kindly gave speci- 
mens of the European Lasius niger for comparison with the American forms 
studied. 
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similar races (sibling species) which conform to the modern species 
concept (see discussion). 

The varieties used in the study are two of the new world repre- 
sentatives of the old world species Lasius niger L. The European 
Lasius niger has one subspecies pertinent to this discussion, alienus F., 
though Bondroit (1918) and Donisthorpe (1915, 1927) consider it a 
distinct species. Lasius niger workers are darker, have a more pubes- 
cent body and are larger in size than alienus, and have erect hairs on 
tibiae and antennal scapes in contrast to lack of hairs on alienus. The 
two forms are similar in geographical distribution, though niger appears 
more widely spread covering probably the whole of the alienus range 
and is commoner in northern Europe (Donisthorpe 1927). Diver (1940) 
reports interesting ecological differences between miger and alienus in a 
survey of the South Haven Peninsula in England which he believes 
supports their specific distinctness: niger has a wide tolerance, occurring 
in all eight habitat types, while alienus is much restricted, 81 per cent 
of its recorded loci being on dry heath. Interestingly, he reports the 
dry heath habitats on the Peninsula are partly composed of Eocene 
Bagshot beds and partly of recent wind blown sand, with niger largely 
confined to the Bagshot heaths and alienus to the sand. This suggests 
that soil structure might be an important isolating factor. 

The new world variety neoniger was described by Emery (1893) and 
Wheeler (1905, 1908, 1917) substantiated it. The variety americanus 
was originally described by Emery (1893) as a variety of Lasius niger L. 
and Wheeler (1905, 1908) concurred but later (1917) concluded it 
should be attached to the European subspecies alienus since erect hairs 
are missing on the legs and antennal scapes and the body is sparsely 
haired. On the basis of the present analysis, these varieties are raised 
to specific rank and will be called Lasius neoniger Emery and Lasius 
americanus Emery in the subsequent discussion. 


TAXONOMIC AND ECOLOGIC LITERATURE 
Lasius americanus Emery 


Lasius niger (L.) alienus Forster var. americanus Emery. 
Wheeler, W. M. 1917. pp. 525-526, 8 9 7. 
Wheeler, W.M. 1916. p. 463, 8 9. 
Lasius niger (L.) var. americanus Emery. 
Emery, C. 1893. p. 639, 8 9 o. 
Wheeler, W.M. 1905. p. 393, 8. 
Wheeler, W.M. 1908. p. 623, ¢. 
Lasius niger (L.) var. alienus Forster. 
Mayr, G. ‘1886. p. 429. 


Lasius alienus Forster. 

Provancher, L’Abbe. 1887. p. 236, & 9? 
? Formica pallitarsis Provancher. 

Provancher, L’Abbe. 1881. pp. 355-356, 8 c 
Formica aliena Forster. 

Férster, A. 1850. pp. 36,71, 8 9 co. 
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Lasius americanus is distinguished from Lasius neoniger by the 
absence of suberect hairs on the tibiae and antennal scapes in the 
female and worker (Wheeler 1916a), and by the sparse pilosity of the 
body. The workers are rather small averaging about 3 mm. in length 
(Cole 1940, 1942). Wheeler (1917) records two forms of americanus 
females: the typical eastern form is from 5-5.5 mm. long with wings 
not exceeding 8 mm. in length; the western form measures nearly 8 mm. 
with wings 9-10 mm. long. The latter is recorded by Wheeler as indis- 
tinguishable in stature from the female of the true European alienus 
and might be regarded as a variety. The males are also stated to vary 
greatly in size. 

This form is the commonest of the numerous species of Lasius. It 
occurs over North America except the extreme southern (found in 
northern Florida) and southwestern portions, extending from timberline 
to the seashore. The literature on the ecological range of the variety 
is contradictory. Talbot (1934), in the Chicago region, found amer- 
icanus nested indifferently under stones, in soil or in logs, and entered 
the Indiana dune succession only where mesic conditions prevailed. 
When americanus was tested for toleration of dryness against neoniger, 
no real difference was found, though the second experiment showed a 
borderline significance favoring americanus. However, neither variety 
emerges from the nest during low relative humidity so they do not face 
severe conditions. 

Gregg (1944) in the same region reports americanus occurs from 
dry open pastures to the interior of climax forests and may be found 
nesting in logs or under sticks or stones or other suitable cover. 

Cole (1934) lists americanus as a very common occupant of more 
moist areas throughout Idaho. The same author (1933) considers it 
the dominant ant in one of three vegetative communities in an area 
one-tenth of a mile square in sage-brush semi-desert near Twin Falls, 
Idaho. The community bordered a small stream and the soil was a 
moist, rich loam. 

Wheeler (1908) says americanus is common on dry, sunny heaths, 
and like the European alienus, is a hairless or nearly hairless, xero- 
thermic variety of niger. Wheeler (1910) states americanus is the form 
usually occurring in higher and drier pastures and fields. In Utah, 
Cole (1942) reports colonies in the soil beneath stones, particularly in 
the more open and grassy areas. Some nests were observed at 6500 
feet elevation. Cole (1940) mentions its occurrence in dark, forested 
areas in the Smoky Mountains but also states its colonies are numerous 
especially in dry, open situations, such as sandy places, grassy fields 
and slopes, or very open woods. It is found as high as 3800 feet but is 
more abundant at lower elevations. 

Most authors consider the variety well adapted to the diverse 
physical conditions which it encounters. Headly (1943) finds amer- 
icanus the commonest ant in Ashtabula County of Ohio, occurring in 
fields or woods and in damp or dry ground. Indifference to nesting 
site location in an Ohio prairie region was reported by Amstutz (1943) 
since americanus was found in every location and in all types of habitat. 
Wesson and Wesson (1940) in a south central Ohio collection, list amer- 
icanus as one of the species found nearly everywhere, though more 









































ome b payevap) souepiAe JulmueMs ="q 'S BSUILLIEMG ‘'S sae, = “WW uvent) ="q'O suzenb pasuiy = "6 
ao a B44. Rw 
<" ARB T “YZTUEG) QUIOg 3S944 oO SI-1 4940290 | 
<i (£161 ‘Azenbuel) stout] ‘aS IT “8 “& 49q0290 | | 499970 
- i 
Se (161 ‘JuBADzINAS) 
‘ S}jasnyovssepy ‘poD adey (peqoe]]oo a3ep 4seze’] ‘OCW “OF } | 
p< (161 ‘Asenbue) stouryy ‘a's 62-61 “S * | (1£61 ‘3UBAazIN{S) SzQeSsNYyo | 
(g161 ‘Arenbuey) stout] S 0Z ‘81 ‘6° | -esseyy ) adey (pezeT]JOo azep 3sa3e7]) “OW g “yWdasg 
— (FIG “ABter)) UC INET 9HP’] “spuryls| Ayueyy) ‘Ss “ON OIGI ‘0Z PUP GI - 
° (OF6I ‘F199 
me assquUa ‘suIejUNOyY AOUIC j}eaIN ‘UTEJUNOPY 9A0+D O'W SE6I ‘SI “34a | (OF6I ‘AJOD) aessouuaT Jaq UWLa} 
omen (£t61 “Ae[peeH } ‘suteyunoyyY AOU eels) ‘der uvipuy] oO 61 ‘SZ “yas 
on og ‘Aqnog einqeiysy (pee]]09 a3ep 4sazR"]) to "AW Jaq uiaydag PIN } 
S (8061 “Seqioy) SlouT]]] “euReqipn ‘Ss “C881 FI | 
“= (¢Z61 ‘SseAe}{) Sesuey ‘eoueIMe’] ‘WwW 
& (QFE6I ‘YIIUIS) WUIOg 1sey ON Ig (1P61 “SIITEIY) Brus0sITeD ‘staeg ‘O syjuouw Jeuruing 
= (Q9161 ‘29]204,4) INoTWOeUuTO+ ‘O'N | sloul||] ‘sousWI0 Wy "Ww LE61 ‘8Z ysNBny | 
= (E61 ‘ZINYsULY) OTYO ‘Ule[g J9epP|Ty ‘OW ysn3any | (E61 ‘Ne RT) jsn3ny 
—" (PE61 ‘AJOD) OYRP ‘sulre[d Jeary eyeus ‘Ov'NW ysn3ny | lunosst ‘Ajunoyg smmo7y 34g “S$ °°O CW ZE6I ‘FI YsNBny | 
— ~ 
> - a - - | _ a ———— ~ 
~ (e661 ‘AeTpeaH) 
po oo “Aquno,) epnqeiysy ( pez9e][O9 97ep ysortpseq) oO “WW eT | 
& SloOul]|] ‘SULySpo}Py “W Aynf | [P61 “SITJEA) BtusojTeD ‘stAeg 0 syjuow Jaurung | 
S (1861 ‘JUBAaTINIS (161 “JUBA9ZIN{S) S}IESNYoORssEy | Ajnf 
S S}jesnyovsseyy “pod ade (pee][09 azep 4Seljivsz 0: KN IP Aint | ‘poy 2) (pezajoo eyep yserj1eq) oO “W 7 Ate [ | 
Y (FE61 ‘AJOD) CYP] ‘sure[g Jeary eyeug ‘O''NW Ajnf | vuBIpuy ‘yuOWaLy "W LE6l “be Aol 
a (O61 ‘®1°D) | 
3 sessouua ‘suTeJUNOW AHOUIS JwaIn (SUOI}PAIa JOYSIPY O'NW Ajnf | 
© —— _ - | . — easaneneaebssctbaintias = - 
So (OF6I “A19D) 
° aassouuay ‘suleyunoyY AHOUIG ywaic) (SUOT}EATS® MO’T) aunf jyey yse7] 
| BUBIPUT ‘YBIWIS LE6I ‘6z eunf | (1F61 ‘STITPW Joye ‘seg ‘O +syquow sawing 
S (S061 ‘19]994,\\) (‘A3ep aouRIvedde ysatjIeq) Lé-1z aunt | euPIpu] ‘IW “d‘O LE6I ‘9z aunt ounf 
= (FE61 ‘PJOD) OYEP] ‘sutel_ JAY exeus yun f 
S “ = ; . ea : a _ ‘ 
> euRIpU] ‘YyIWIS da'0 961 “Ez AL 
tr) uBsIyoI ‘apisexe’] ‘d‘0 LE6l ‘2% ABW Av 
_ SOUT] ‘O}OA, ‘dO L861 “8 AUN 
“” oui ” — _— - ——— . — - " " megieniin rs EE 
" 2261 ‘Weenbeg pue stavq])) YiOX MAN ‘puvS] UazeIS O'NW OZ6I ‘61 [dy | 
= (SZ6I ‘SeAe}]) Sesuey ‘s0U2TMe’T ‘Ov'NW Judy [dy 
= ; ae 
— ——- 7 j . —— a - a a -. — 
\ SNUDITAIULD SNISD'T | 4adiuoau Snisv'y 
' 








peyAlIsqgO u99g 9ARH A1aulyy SNUDIVAAUD SNISDT pue Aiowy 4astuoau SNISD'T jo 


I WIdVL 





ISPUd [eNxeg YOIYM UO sozyeCq 


932 





1945] Gregg: Taxonomic Categories in Ants 533 


abundant in drier and open localities. Yet they also say it is one of 
the three principal species found in low, moist woods. The great 
adaptability of americanus is evidenced by its nesting habits; it may be 
found from damp, rotting wood of dense forests to the sandy soil of 
dry, sunny roads (Burrill and Smith 1919; Dennis 1938; Forbes 1908; 
Wheeler 1905, 1916b, 1917). Dennis reports americanus in every 
locality collected in Tennessee and also on top of the mountains well 
over 6000 feet in contrast to Cole’s 3800 feet. Gaige (1914) relates that 
americanus is a notoriously ubiquitous species but even it shows: hab- 
itat preferences. Thus out of seven ant habitats listed for the largest 
of the Charity Islands, situated at the mouth of Saginaw Bay in Lake 
Huron, americanus occurs in five: low hardwood forest, high hardwood 
forest, open woodland, willow and dogwood thickets, and grassy beach 
areas. Of the last, Gaige reports the form “‘apparently prefers this 
habitat.””’ This is of particular interest since the community as 
described is somewhat the same as the Indiana-Michigan dunes where 
extensive collecting was done for this study, and americanus was never 
found along the beach areas. Except for rocky shores, the island 
Gaige examined was composed of old dunes of varying size and was 
entirely covered with original forest. 

The color of americanus workers (Cole 1940, 1942) varies from light 
to dark brown. Wheeler (1905, 1916b, 1917) and Cole (1940) report 
the workers of colonies living in dry, sunny areas are much paler in 
color than the woodland inhabitants, and Wheeler (1905) believes the 
paler forms might be regarded as representing a different variety. 
Sturtevant (1931, p. 76) indicates what he considers to be two types on 
Cape Cod. ‘‘There appear to be two distinct forms here—a darker 
form typically nesting in stumps and logs in the woods, not found 
infested with Mermithids; and a paler form typically nesting in the soil 
in sunny places (often on the beaches down to high-tide level, fre- 
quently producing short-winged mermithogynes [Mermis parasitized 
winged females] . . . In the absence of adequate series from the Palae- 
arctic region and from the western states, I am unable to make a thor- 
ough revision of the forms of niger—without which it seems to me 
undesirable to describe and name these types.’’ Sturtevant probably 
is dealing either with color variants of americanus or he may have both 
americanus and neoniger. Wheeler (1908, p. 623) states that amer- 
icanus, when nesting in shady woods or damp spots, ‘‘usually has a 
darker color and may develop a few erect hairs on the scape and legs, 
thus approaching the smaller and darker forms of neoniger.”’ 

These intermediate forms suggest the possibility of hybridization. 
The literature contains scattered information on swarming dates and 
dates on which winged forms have been collected in the nests. Table I 
presents these data.? Americanus appears to have reproductives in the 
colony for a longer period of the year than does neoniger, but this may 
only be due to the larger number of americanus records available. In 
addition to the data in Table I, Tanquary (1913) states that nuptial 
flights of americanus usually occur from August to September, and 


*Since this paper went to press, Talbot (1945) has published additional swarming 
dates for Lasius americanus at Tiffin, Ohio, as well as valuable swarming*behavior 
data. The swarming dates are August 30, 31, and September 4, 15, 28 in 1943. 
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Turner (1915) describes a swarming flight of Lasius niger L. on Sep- 
tember 17, 1913, but the variety is not given. Since the nests were 
common in St. Louis, Missouri, and the swarm observed was in Turner’s 
yard, he is referring presumably to neoniger. Smith (1934b) places 
neoniger among the species that usually do not produce sexual phases 
until late in the season. Gaige (1914) reports a neoniger swarm on the 
Charity Islands four days prior to an americanus swarm; the latter 
apparently refers to the americanus mating exodus of September 19 
and 20, 1910, listed in Table I. Thus the swarming periods for the two 
forms do overlap and while the mating flights probably do not occur 
at the same time in any given locality, and ecologically the species are 
largely distinct, it is not possible to rule out the phenomenon of hybrid- 
ization as crossing might occasionally take place. Such infrequent 
matings would not invalidate the specific status of the forms (species 
definition under later discussion). 


Lasius neoniger Emery 


Lasius niger (L.) var. neoniger Emery. 
Emery, C. 1893. p. 639, ¢. 
Wheeler, W.M. 1905. p. 396. 
Wheeler, W.M. 1908. p. 622, 9. 
Wheeler, W.M. 1917. p. 525, 8 9 oc. 
Lasius niger (L.). 
Mayr, G. 1886. p. 429. 


The worker body length of Lasius neoniger is given by Cole (1940) 
as about the same as americanus (3 mm.), but Wheeler (1917) describes 
the worker and male length as only 2-2.5 mm. The female of neoniger 
is 6-7 mm., the wing length is 8-9 mm., and in both the male and 
female are hyaline (Wheeler 1917). Yet Wheeler (1908) states the 
female of mneoniger is much larger than americanus, being 9-10 mm. 
long and with wings 9-9.5 mm. in length and tinged with yellow. 

This form occurs over most of the United States though it does not 
extend as far south as americanus and is much less abundant. Smith 
(1927, 1934a) reports neoniger in South Carolina and also in Mississippi 
but it is subboreal (Cole 1942; Wheeler 1904, 1905, 1916a, 1917), and 
some of its southern distribution may be due to the altitude at which 
it is found (Dennis 1938; Cole 1940, Wheeler 1904). Neoniger is reported 
by Gregg (1944) to replace americanus in pioneer Indiana dune stages. 
Talbot (1934) found neoniger craters abundant in the early stages of the 
Indiana dune succession and records it as one of the two characteristic 
ants in the foredune and poplar associes. Also it occurs in the pine dunes 
and in the open sand areas in the black oak dunes. Apparently 
herbaceous vegetation quickly eliminates it, and the lack of an open 
substratum appears to be a limiting factor in this case. As stated 
before, Talbot found no positive evidence of differential response to 
dryness between the two species. 

The literature on its ecological range is fairly consistent. Wheeler 
(1908) states that neoniger is found only in moist localities, especially in 
sunny, subalpine meadows. The usual niche for this form seems to be 
in the soil, beneath stones or logs in rather open forests, borders of 
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woods, clearings, grassy areas, or even in city parks and gardens (Cole 
1940; Dennis 1938; Headley 1943; Morris 1943; Wheeler 1905). Gaige 
(1914) states neoniger is restricted to the grassy beach habitat on the 
largest of the Charity Islands. Headley (1943) affirms the variety has 
a ‘‘preference” for sandy soil, and replaces in abundance americanus in 
this habitat. 

The color of neoniger workers varies from pale to dark brown (Cole 
1940). Sturtevant (1931) believes that in the Cape Cod region of 
Massachusetts, neoniger is not clearly distinct from americanus and he 
identifies all the intermediates as americanus. He suspects the extreme 
hairy specimens are not really distinct from the paler americanus forms 
he refers to (see quotation under Lasius americanus). It is also inter- 
esting to note that Wheeler (1908, p. 622) states under meoniger: 
‘‘Smaller, darker forms, with less pubescence and forming transitions to 
some of the subvarieties of var. americanus Emery and the European 
alienus Forst. occur in many localities throughout the Northern States.” 
The meaning of ‘‘subvariety” is not clear. It is pertinent here to recall 
the earlier discussion of swarming dates and the suggestion of hybrid- 
ization between the species. 


COLLECTION TECHNIQUE 


Collections for this study were made within a ninety mile radius of 
Chicago, and the major habitats in the area were thoroughly covered. 
It is hardly necessary to redescribe the plant communities listed in 
Table II as Cowles (1901), Fuller (1925), Talbot (1934), and R. E. 
Gregg (1944) have adequately treated these associations, the latter two 
in correlation with the ant fauna. 

All nests collected were immediately placed in bags and taken to the 
laboratory for separation from the soil. Population counts were kept 
and the data obtained for individual nests (Table II) confirmed the 
field observations that americanus has the more populous colonies. 
Gole (1940) reports the same observations in the Great Smoky Moun- 
tains. Where nests were collected from clay soil or logs, a Berlese funnel 
(with copper mesh near the top on which to place the soil and with the 
stem leading into an alcohol vial) was used for separating out the 
workers. A goose neck reading lamp placed above the funnel facilitated 
drying the soil, and with increasing desiccation the ants retreated into 
the funnel and dropped into the vial. This technique was very useful 
for all the americanus collections in soil and in logs and for the neoniger 
from clay soil. However, since most neoniger collections were made in 
sand, and since a copper mesh large enough to allow the workers to pass 
would not hold back the sand, the Forel arena (an area surrounded by dry 
plaster of Paris) was found most satisfactory for separating this ant. 
A goose neck lamp was again placed above the sand to hasten drying 
and a nest containing a moist sponge served as the retreat. When the 
ants had moved into the nest, they were anaesthetized and’ preserved. 
In both species some deaths undoubtedly occurred in transit from the 
field, particularly in nests collected in sand, and in all cases the entire 
population was not secured, for foraging workers were always missed. 
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ECOLOGY OF LASIUS NEONIGER EMERY AND LASIUS AMERICANUS 
EMERY IN THE CHICAGO REGION 


Lasius neoniger nests were usually in the soil and surmounted by a 
small crater. Out of forty-one collection records (Table II) only two 
exceptions occurred: one was in a log and the other was in both log and 
soil. The species was common in the early stages of dune succession 
on sand. Its numerous craters were characteristic of the fore and pop- 
lar dunes and were found about hummocks containing sand cherry or the 
sand grasses. In the pine dunes some humus has been added to the 
sand and the forest cover cuts down the temperature and humidity 
ranges, but neoniger craters continue to be abundant in the clearings. 
In the black oak dunes its nests are plentiful but they are usually 
restricted to the more open barren sand. When the mesic red-white 
oak stage is reached with its well covered forest floor and thick layer 
of humus, neoniger is rarely found. Two collections were made in this 
associes: one, at Tremont, Indiana, was about a grass root in a roadbed 
leading into the woods; the other was at Ogden Dunes, Indiana, in a 
clearing within the forest. A colony was found also in the beech-maple 
forest at Lakeside, Michigan, but again in a clearing, not in the forest 
proper. In the flood plain forest adjoining Coffee Creek near Chester- 
ton, Indiana, specimens of neoniger were obtained at the upper margin 
of the forest where the soil was drier and the cover less dense. Four 
soil collections in clay pasture were made, three at New Lenox, Illinois, 
of which two were beneath stones, and one at Volo, Illinois. 

Thus Lasius neoniger is common in the foredune, poplar, pine, and 
black oak dunes, and in the last of these it is restricted to the more open 
areas with little ground cover. It also is frequently found on clay 
pasture. Thirty-seven of the forty-one neoniger collections (Table II) 
were from these associations and the remaining four made in more 
mesic habitats were always in open, drier areas within the forests. It 
is relevant to recall the reference to Talbot that meoniger is among the 
ants able to live on clay but more abundant on sand and apparently 
limited in distribution by lack of an open substratum. 

Collecting of Lasius neoniger was difficult. First, the nests were 
largely in sand which readily collapses. Second, colonies were dug 
using a long handled deep spade and many times not a worker would 
be unearthed, a queen never was found, and brood only four times in 
forty-one worker collections. It had been noted repeatedly that 
craters were usually clustered within a radius of a few feet. In an 
effort to determine whether these craters were individual or multiple 
nests, one about four inches in diameter, an inch high, nine feet from 
the nearest Lasius mound and not associated with any vegetation, was 
chosen. A trench eighteen inches deep was dug completely around it 
with a radius of two feet from the nest entrance. A dry sand mulch 
about two inches in depth was present below which the sand was moist 
and firm enough to trace ant tunnels. Starting from one side the sand 
was sliced away and five horizontal galleries were found to spread star- 
like from a depth of two and one-half inches below the crater mouth. 
No sign of nest chambers, workers or brood was seen, though the crater 
had obviously been recently worked. Whether the passages connected 
with other entrances or whether four feet was not a large enough diam- 
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eter to avoid destruction of the brood chambers in making the original 
trench, is not known. 

This information on nest size and number of craters in Lasius 
neoniger can be compared with work done on americanus by Gaige 
(1914), Headley (1941), and Forbes (1908). Gaige reports numerous 
colonies of americanus along the sandy beaches on the largest of the 
Charity Islands. Sometimes small craters were constructed one to six 
inches in diameter, and one quarter to two inches high, with an opening 
at the bottom of the cup. He found that the burrows led straight down 
for an inch or two before turning, the looseness of the sand preventing 
further observation. Also a swarm of males was noticed from one 
crater only, though there were probably fifty colonies in a thirty foot 
circle, which at the time of the swarm were abnormally quiet. He 
believes this fact may indicate all the craters were ‘‘offshoots of the 
same parent nest and were so closely associated that the males made 
their exit by the same passages.’”’ In Ohio, Headley attempted to 
determine whether a cluster of americanus anthills represented one 
colony or several and, if several, the extent of each. Foraging ter- 
ritories and odor trails plus data obtained by digging one nest, failed to 
answer the problem conclusively. Forbes using nest odor recognition, 
determined the number of craters to a nest of americanus in two plots 
of a cornfield. 

Table II shows the distribution of americanus in the Chicago region. 
Twenty-nine of the forty collections were in log decay stages two 
through five (Talbot) and one collection was in soil and log. Nests of 
this species may also occur in the soil, in which case small craters are 
formed if the nest is not under a rock or log, and the remaining ten 
collections were nests in earth. Of these ten, four were in soil beneath 
rocks. 

Lasius americanus is found in the more mesic collecting sites in the 
area. This ant does not occur in the dune succession until the black 
oak stage, and is present in the deeper forest in contrast to Lasius 
neoniger which is found in the open clearings. Americanus is common 
in the mixed oak forest and is one of the most abundant ants in the 
climax beech-maple forests of the region. It is frequent in the flood 
plain forest proper at Coffee Creek, and has been collected in the 
senescent tamarack bog and in the prairie on sand at Dune Acres, 
Indiana. The form has also been taken in clay pasture at New Lenox 
and Palos Park, Illinois, and of the three americanus records from this 
habitat, two were nesting under stones and a third was both in the soil 
and the log covering it. In distribution the two species overlap in 
pasture on clay. 


STATISTICAL STUDY: APPARATUS, TECHNIQUE, RESULTS 


The taxonomic difference between the workers of the two species is 
the presence of erect hairs on the scape of the antenna and the tibiae of 
neoniger and their absence in americanus. The hairs on the scape of 
the antennae and on all segments of the six legs of twenty specimens of 
each of the varieties were counted to determine statistically the validity 
of the taxonomic status of the two forms. Twenty was arbitrarily 
chosen as a preliminary number, and since the differences proved 
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significant it was not increased. The- specimens of each form were 
selected from ten different collections and represent the ecological 
range of these ants. Collections marked by a cross in Table II 
furnished workers for the study. 

The blue daylight glass from the face of the microscope lamp was 
ideal as a counting background and a hard, smooth surface for manip- 
ulating the necessary instruments. The equipment for dissecting the 
podomeres and for holding them in place under the microscope was 
simple. Two watch-maker’s forceps ground to a very fine point plus 
needles made by fusing minuten insect pins to glass rod handles proved 
sufficient. 

Technical problems were twofold. The first concerns separation of 
the podomeres and their firm fixation in the field of vision with freedom 
to rotate them and see the hairs on all sides. The needles were used 
to separate the podomeres while the forceps held the body of the ant 
securely. The trochanter was found most easily manipulated if left 
attached to the coxa. For counting, the parts were held firmly against 
the blue glass by means of the forceps and rotated, or raised and lowered 
for depth. 

The second problem involved reaching an arbitrary distinction 
between hairs, raised pubescence, and bristles (a few bristles were 
usually present at the ends of the appendage segments and the scape). 
After considerable experimentation, the following distinction was found 
to hold and was adhered to throughout. When doubt existed as to the 
nature of the integumentary outgrowth, a drop of alcohol was placed on 
the podomere. Bristles were found to remain upright under this treat- 
ment. Pubescence and hairs both clung to the chitin while the alcohol 
was present but the moment it evaporated the hairs rose again from the 
surface. If a suspected hair remained affixed to the integument, it 
was considered pubescence and was not counted.’ Likewise, if an 
outgrowth remained upright it was regarded as a bristle. In many 
cases in the more pilose neoniger, it was necessary to count the hairs of 
a given podomere a number of times and to take the mean. The 
records show a maximum of thirteen and a minimum of four counts 
made in certain instances. And in all cases in both species every count 
was made twice. 

The statistical results of the work are shown in Table III. In com- 
paring the difference of the means divided by its standard error for each 
podomere of Lasius neoniger and Lasius americanus (e. g. right first 
coxa—20 specimens of each species), the quotient is greater than two in 
each instance. This indicates the probability is less than five in a 
hundred of the results being obtained by chance and is therefore 
considered significant. 

The coefficients of variation (Table III) were computed for the 
podomeres (N = 20), and the standard errors of the difference between 
them were calculated, (1) between the species for the same podomere, 
and (2) within the species in terms of podomeres. When the differences 
between podomere variation coefficients were divided by their standard 
errors, the following conclusions were drawn. Comparing the species, 
only the differences between the right first and the right third femora 
are significant (quotient greater than 2). Within a species Lasius 
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neoniger and Lasius americanus demonstrate: (1) no consistent signif- 
icant differences within a podomere from the anterior to the posterior end 
of the body; (2) no significance within a podomere between the right 
and left sides of the body; (3) within an appendage, significances are 
sporadic though with two exceptions (and one of these a border line 
case) the differences between coxa and femur are always significant. 


TABLE IV 


Comparison of Coefficients of Variation of Lasius neoniger Emery with Lasius americanus 
Emery When Podomeres Grouped (N= 120). 
L. N.= Lasius neoniger L. A.=Lasius americanus 
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No. of| | No. of S.E. 
Hairs| M S.D.} V_ | Hairs| M S.D.| V_ | Difference | — 
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-_ 
Coxae 2189 18.242+0.291 | 3.191) 17. me 997 .207| 2.265 |o7 7.262) 2.091 | 4.672 
Trochanters | 640 | 5.333+0.126 | 1.374 25.771) 288 lo + ().058) 0.638 | 26.571| 2.074 0.386 

| 

Femora | 3869 | 32.242+0.968 | 10.6 | 32.875 355 | 2.958+0.148) 1.625 | 54.928) 4.132 | 5.337 
Tibiae | 2005 | 16.708+0.718 | 7.861|47.047} 0 | 
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TABLE 
Comparison Within a Species of Coefficients of Variation of the Grouped 
Leg Podomeres (N = 120). 
Lasius neoniger Lasius americanus 
PoODOMERES V Difference = V Difference 
S.E. of V Difference| -——— S.E. of V Difference 
S.E. of V Difference S.E. of V Difference 

Coxae with Trochanters. 5.099 2.457 0.281 
Trochanters with femora. 2.934 3.939 7.2 
Coxae with femora 6.399 3.958 6.989 
Coxae with tibiae 9.122 
Trochanters with tibiae | 6.540 
Femora with tibiae | 3.825 | 





The leg podomeres were then grouped (N=120). Again the coeffi- 
cients of variation, the standard errors of their differences, and the 
variation coefficient differences divided by their standard errors were 
computed between and within the species. Between the species for the 
same podomere (Table IV), the differences between the coxae and femora 
are significant. Within a species between podomeres (Table V), all 
the differences proved significant except between the americanus coxae 
and trochanters. 

These data on the grouped podomeres are interesting in that they 
indicate an increase in relative variability in terms of pilosity from the 
proximal to the distal end of a given appendage in these two species. 
Americanus does not illustrate the increase in the proximal podomeres 
but between these and the femora, the increase is highly significant. 
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DISCUSSION 


Thus as seen in Table III, the taxonomic criterion used to separate 
the workers of the two forms is valid statistically. Furthermore, as 
shown in figure 2, there were no cases of overlap in appendage and 
scape hairiness between them. A bimodal curve develops when hair 
number of both forms is plotted against the number of individuals 
involved. Interestingly, the four lowest of the twenty neoniger counts 
(250-350 hairs) are from only two of the ten colonies used. Neoniger 
has a greater spread than americanus. If the scape and tibial hair is 
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Fic. 2. Graph showing bimodality when the scape and leg hairiness of the workers 
of Lasius americanus Emery is compared to that of the workers of Lasius 
neoniger Emery. Twenty individuals of each variety are represented. 
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excluded from the neoniger pilosity counts, the resulting neoniger histo- 
gram shows less spread (from 200-450 hairs) but remains distinct from 
americanus. On the basis of this clear separation, it is advisable to 
consider these forms as non-intergrading populations and therefore 
distinct species to be called Lasius neoniger Emery and Lasius amer- 
icanus Emery. It should be pointed out, however, that species may be 
distinct even with overlapping characters (e. g., Emerson 1935; 
Dobzhansky and Epling 1944). These taxonomic distinctions are cor- 
related with the ec ology of the two forms. Comparing their distribu- 
tion in the Chicago region as demonstrated in Table II, the lack of 
extensive mingling is readily seen. The ecological differences are 
discussed fully in an earlier section. 

A species is an evolved or evolving, genetically distinctive, repro- 
ductively isolated, natural population (Emerson 1945). Lasius neoniger 
and americanus conform to this species concept though just what factors 
are isolating these populations are not fully known. The isolating 
phenomena (Emerson 1943) are obviously not geographic but appar- 
ently are partially ecologic with the forms overlapping only in pasture 
onclay. The species swarm annually and over the same seasonal period 
(Table I). Diurnal variation in swarming time is doubtful. The 
author observed numerous neoniger swarms in the Chicago region which 
always took place in the early evening. There were only two accounts 
found in the literature on the swarming hour. A record for americanus 
was given as taking place ‘‘a little before dark”’ (Gaige 1914). Turner 
(1915) described a swarming flight of Lasius niger (probably neoniger 
though variety not indicated—see earlier hybridization discussion); 
observations began about three o’clock in the afternoon and the pre- 
nuptial activities and mating continued ‘‘until about the close of day.’”* 
Sexual isolation might be involved either through behavioristic, mechan- 
ical, or physiological incompatibilities, but no information is available. 
Wright (1940) states that geographic and ecologic isolation which 
promote slow accumulation of genetic differences usually precedes 
interspecific sterility and the species under study may be a case in the 
process of reaching largely complete cross-sterility. 

It appears profitable on the basis of the present study to make a 
similar analysis of the differences between the Palearctic forms. Diver 
(1940), working in the South Haven Peninsula, England, found differ- 
ences in distribution of Lasius niger and Lasius alienus which are the 
reverse of the Nearctic forms reported in the present paper. Also, 
with the availability of adequate series from the entire Nearctic region, 
an intensive revision of the niger group would be exceedingly valuable. 
The differences in queen size in Lasius americanus (Wheeler 1917) and 
in Lasius neoniger (Wheeler 1908, 1917) indicate there are very likely 
more forms in North America than at present recognized. 


SUMMARY 


1. On the basis of the non-intergrading character of scape and leg 
hairiness, the varieties Lasius niger (L.) var. neoniger Emery and 


8Talbot (1945) records Lasius americanus swarming between 3:30 and 6:00 
P. M. (Central Standard Time), in her yard at Tiffin, Ohio. 
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Lasius niger (L.) subsp. alienus Forster var. americanus Emery are 
raised to specific rank, namely, Lasius neoniger Emery and Lasius 
americanus Emery. Their ecological differences substantiate the 
elevation. 


2. When the morphological difference between these forms was 
tested statistically, no cases of overlap between them were noted. 


3. Collections of neoniger and americanus were made in the major 
habitats of the Chicago area. 


4. Lasius neoniger was common in the early dune succession stages 
and americanus prevailed in the more mesic associes. Both are present 
in clay pasture land. Where the forms mingle in forest communities, 
they do not occur in ecologically equivalent situations. An open 
substratum on sand seems to favor neoniger. 


5. Forms occur in both soil and logs but neoniger is usually a soil, 
and americanus a log inhabitant. 


6. Populations of americanus colonies appear larger than those of 
neoniger. 


7. Americanus demonstrates greater relative variability in leg 
pilosity than does neoniger. 

8. A statistically significant increase in relative variability in terms 
of pilosity is shown in these two species from the proximal to the distal 
end of a given appendage. 
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MALARIA: ITS DIAGNOSIS, TREATMENT AND PROPHYLAXIS, by 
Wm. N. BisPHAM. viii+197 pages, frontispiece and 4 plates. The Williams 
and Wilkins Co., Baltimore 2, Maryland, 1944. Price, $3.50. 

The purpose and intent of this book is epitomized by the last paragraph in 
the chapter on prognosis. It reads, ‘Malaria can always be expected to provide 
a certain degree of mortality and, what at times become a very difficult problem 
to be met, a great degree of morbidity. lo combat the disease, to limit its spre ad, 
and to gradually push it back from the citadel of civilization is the duty of all 
physicians who encounter it, and this book is written to assist them in all ways 
possible in their endeavors.’ 

To accomplish his aim the author, who is a physician and a retired colonel of 
the U. S. Army, has written a complete, but in instances brief, account of malaria 
with emphasis on items of practical value. He was fortunate to secure the assist- 
ance of capable individuals who reviewed most of the chapters, and Dr. L. T. 
Coggeshall wrote the last one entitled, ‘‘Prevention and treatment of malaria in 
West Africa.’ 

The information presented has been carefully appraised and numerous refer- 
ences on the source of data are given. It must be kept in mind to whom the book 
is addressed because one trained as a scientist is apt to be discouraged by the 
nature of occasional statements, such as, ‘‘As to the organs themselves, the bone 
marrow is the one that is most rapidly cleansed of parasites, so that its action 
as a hematopoietic organ can proceed without interruption.’’ The author's 
attitude towards his colleagues and particularly towards those doing research is 
one of admiration and kindness and he points out that what may seem to be prob- 
lems of purely academic interest often have practical application. The latter 
idea is applied very nicely in the chapter on immunity. Such wholesome treat 
ment is of great merit to the author and stimulating to the reader. 

There is little entomology in the book and this is entirely in order. The 
importance of an entomologist in prevention is acknowledged. The short chapter 
on mosquitoes was reviewed by Drs. Herms and Rozeboom, The employment of 
sprays to kill adults is neglec ted in the chapter on prevention but Dr. Coggeshall 
brings attention to this new method of attack in his chapter. Oil of citronella 
only is mentioned as a repellent and this is due, very likely, to the unavailability 
of information when the manuscript was prepared. A person familiar with 
zoological nomenclature could have prevented several little slips in the use of 
names in the chapter on etiology. Also the assertions that sporozoites enter red 
corpuscles should have been made with considerable reservation. 

The clearness of presentation of information and the distinction between facts 
on one side and conjectures and theories on the other is commendable. Ento- 
mologists will find this book handy for reference and teaching purposes particularly 
if interested in medical entomology and parasitology. The chapters on treatment 
and prevention are valuable to those who collect or for other reasons are in 
malarious areas.—C. E. VENARD. 


ON SOME NEARCTIC MYGALOMORPH SPIDERS 


RALPH V. CHAMBERLIN anv WILTON IVIE, 
University of Utah 


The families of mygalomorph spiders heretofore commonly regarded 
as occurring in North America north of thirty degrees latitude are these: 
Ctenizidae, Dipluridae, Atypidae, and Theraphosidae. A study of a 
number of species indicates that some revision should be made in the 
definition of some of the families and that two additional names should 
be added to the above list. These two are the already established names 
Hexuridae and Acattymidae. 

The three families, Acattymidae, Hexuridae, and Atypidae have 
certain characters in common which separate them from the others, 
and which may indicate a closer affinity to the ancient family Liphis- 
tiidae. A further discussion of this subject is to be found in Gertsch’s 
work on the Atypidae (American Museum Novitates, 1936, No. 895, 
pp. 2 and 3). The distinctions which we have noted are summarized 
as follows: 

GROUP I GROUP II 
ACATTYMIDAE, HEXURIDAE, CTENIZIDAE, DIPLURIDAE, 
ATYPIDAE THERAPHOSIDAE 
. Six spinnerets (sometimes four). 1. Four spinnerets. 
2. Postabdomen situated high above 2. Postabdomen close to the spin- 
the spinnerets. nerets. 
3. Adult male with one or more 3. Adult male without abdominal 
abdominal sclerites. sclerites. 
4. Male palpus with a conductor. 4. Male palpus without a conductor. 
5. Male palpus swollen before final 5. Male palpus not swollen before 
molt (at least in Atypus and final molt. 
Hexura). 

There is a convergence in general structure and habit between the 
Hexuridae and the Dipluridae, and between the Acattymidae and the 
Ctenizidae. Acattymidae resembles Ctenizidae in appearance and has 
a similar burrowing habit. Hexuridae closely resembles Dipluridae 
and makes similar loose sheet webs under stones and trash; both have 
elongate spinnerets. 

Following are some notes, descriptions, and figures of a few new 
and known species: 


Family Acattymidae 


Genus Antrodiaetus Ausserer, 1871 


Antrodiaetus montanus (Chamberlin and Ivie) 
Figures 1 and 2 
Brachybothrium hageni, Chamberlin and Ivie, 1933, Bull. Univ. Utah, (Biol.) 2 (2): 4. 
(Not hageni Chamberlin.) 
Brachybothrium montanum, Chamberlin and Ivie, 1935, Jbid., (Biol. ) 2 (8): 4; *31. 


The male of this species has three distinct sclerites on the dorsum of 
the abdomen. The palpus has a conductor lying close against the 
embolus. 
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The male is found roving in the autumn, or resting in a ‘‘nest’’ under 
stones, sticks, bunches of grass, etc. The female lives in burrows, which 
extend about a foot or more straight down into the soil. The upper part 
of the burrow is lined with silk; the bottom is slightly enlarged, but not 
bent. The top is concealed under stones, leaves, or trash, and is 
without a trap-door. The eggs are hatched in the bottom of the burrow. 
The heart of the female is clearly visible through the transparent 
integument over it. In one case the pulsations of the heart were 
observed and timed; the rate was 64 pulsations per minute. When the 
spider was placed in alcohol, the rate increased considerably for a 
minute or so, then gradually slowed down and stopped. 


Family Hexuridae 


Genus Hexura Simon, 1884 


Hexura picea Simon 
Figures 3-5 
Hexura picea Simon, 1884, Bull. Soc. Zool. France, 9: 316. 
Locality Records: 
121.47! 2imm. Washington: Snoqualmie Pass; Sept. 16, 1935, R. V. Chamber- 
lin and W. Ivie. 
121.46 2imm. Washington: Rainier Park; Aug. 6, 1929; R. V. Chamberlin. 
123.45 20° 49 Oregon: 8 mi. W. Grande Ronde; Nov. 27, 1940; W. Ivie. 
123.45 Imm. Oregon: N. E. Mohler; Aug. 25, 1936; W. Ivie. 


This species typically lives under leaves, trash, pieces of wood or 
bark on the ground in pine woods. It builds a loose web, in which it 
stays. In Oregon, adults were found in November, but only immature 
in August. In its appearance and habit, this species closely resembles 
an Evagrus. 

The palpus of the male has a well-developed conductor. The tarsus 
of the palpus is conspicuously swollen prior to the last molt. The 
abdomen of the adult male has a distinct sclerite at the base above. 
The sternum has four pairs of small sigilla near the border, placed 
between the appendages. 


Family Atypidae 
Genus Atypus Latreille, 1804 


Atypus milberti (Walckenaer) 
Figure 7 
A figure of the palpus is presented here to show the conductor. 


“West longitude and north latitude coordinates of southeast corner of 
quadrangle, one degree longitude by one degree latitude, in which the locality 
occurs. 


EXPLANATION OF PLATE I 
1. Anthrodiaetus monianus (Chamberlin and Ivie). Male. 2. Same. End of 
eee. ventral view. 3. Hexura piceaSimon. Left palpus, ectal view. 4. Same. 
ulb of palpus, ventral view. 5. Same. Palpus of immature male. 6. Atypus 
abboti (Walckanaer). Palpus of immature male. 
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Atypus abboti (Walckenaer) 
Figure 6 


A figure of the palpus of an immature male is given to show its 
swollen condition prior to the last molt. It was collected near Gaines- 
ville, Florida, in June, 1935. 


Family Dipluridae 
Genus Microhexura Crosby and Bishop, 1925 


Since the discovery of the first of these tiny Mygalomorphs on a 
mountain summit in North Carolina, two new species have been 
collected. Both of these are from higher elevations in northern 
latitudes. 


Microhexura idahoana Chamberlin and Ivie, new species 
Figures 17, 18 


Color —Carapace brown, with radial marks and margins dusky. 
Chelicerae reddish brown. Endites orange brown, whitish along the 
mesal margin. Sternum dusky. Labium pale brown. Legs, palpi, 
and spinnerets light brown shaded with dusky. Abdomen uniform 
dark gray. 

Structure.—Carapace flat, broadly elliptical in general outline, with 
the base truncate; sides nearly parailel. Median depression longitu- 
dinal, short. Eyes unequal, the order of size being, a. s., p. s., p. m., 
a.m. Anterior row procurved; a. m. eyes about 1.5 diameters apart. 
Posterior row slightly recurved; p. m. eyes about three diameters apart, 
nearly touching the side eyes. Chelicerae rather small and short (very 
small in the male); fang groove with four teeth on the mesal margin, 
and with many tiny denticles on the ectal margin. Sternum ovoid, a 
little longer than wide, without sigilla. Legs 4 1 2 3 in order of 
length; with a number of weak spines. Leg 1 of male with a long 
ventral spine, based on the apex of a large prominence a little proximad 
of the middle. The other legs of the male not modified. Abdomen 
normal. Spinnerets four; the large pair with three segments of about 
equal length, or the last segment a little longer; small pair slender, 
about half the length of the basal segment of. the large pair, widely 
separated. Postabdomen near the spinnerets. Male palpus about the 
same size as the female palpus; tibia a little swollen; bulb small, with a 
short truncate tube, which has a round opening in the end. 


EXPLANATION OF PLATE II 


7. Atypus milberti (Walckenaer). Left palpus, ectal view. 9. Astrosoga rex 
Chamberlin. Sternum of male. 9. Same. Left palpus, ectal view. 10. Same. 
Tibia 1 and 2 of male, left side, anterior view. 11. Pachylomerides pygmaeus n. sp. 
Eyes of male. 12. Same. Left palpus, ectal view. 13. Pachylomerides tuobitus 
(Chamberlin). Left palpus of male. 14. Same. Eyes of female. 15. Same. 
Eyes of male. 


PLaie II 


Mygalomorph Spiders 
Chamberlin and Ivie 
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Measurements: o& Holotype 9 Allotype 
MS Eee 3.60 mm. 
Carapace: 

I 6 sn aller ws duels a 1.70 

DED: sv «3+ kkSeniokiws uae 1.37 
Sternum: 

ee oe, eee 1.05 

ee Orn 87 
Tibia-patella: 

Be sisicte net Fale onan 1.30 1.37 

Riis cpseerscactabnteeee® ae 1.53 
Spinnerets (Large)....... 83 1.20 


Type locality—W. 116° 2’:N. 44° 56’, Idaho: 4 miles N. E. 
McCall; o& holotype, 2 allotype, o, 9s, immature paratypes; W. Ivie 
collector. The males and some of the females were collected as not 
fully mature individuals on October 18, 1944; they matured in Decem- 
ber, being kept at room temperature in the meantime. Females and 
immature were collected at various other dates during the year. 


This species has a restricted habitat, having been found in but two 
kinds of situations. One place was in a thick grove of evergreen trees, 
where the spiders were found only under pieces of decaying wood or 
bark which rested on a base of decayed wood; they were not found 
resting directly on the ground. The other situation was on a hillside 
(slope facing north) in less dense woods, where the spiders were found 

nder the edge of rotting logs, where the trash was mixed with moss 
and mold, and sometimes grass. They were obtained by sifting. In 
the first situation, several adult females were taken July 5, 1943, with 
egg-sacs. The sacs were small, white, and round; they were carried 
about by-the female, being held by the fangs beneath the body between 
the front legs. On May 31, 1944, many females and immature were 
taken at the second place but no males. Some of the females, kept 
alive, later carried egg-sacs. On October 18, 1944, immature and near- 
adults were found at both places; some of these were raised to maturity. 
They were kept in vials with some trash taken from their native habitat 
and were fed Drosophila flies, about three per week. They had to be 
supplied with moisture at all times; even a few hours dryness caused 
death. In the vials, as in their native habitat, they built small webs, 
mainly in the form of tubular runways, with a number of openings, and 
with connecting strands and sheets. 


Microhexura rainieri Chamberlin and Ivie, new species 
Figure 16 


Color—Carapace light brown, with radial marks and margins 
dusky. Chelicerae light brown. Sternum dusky over yellowish. 
Labium light dusky yellow. Endites pale orange brown. Legs and 
palpi light brown, more or less shaded with dusky. Abdomen dark 
gray, with six pairs of inconspicuous oblique bars of lighter gray on the 
dorsum. Spinnerets pale brown, lightly shaded with dusky. 

Structure similar to that of M. idahoana n. sp. 


Chamberlin and Ivie: Megalomorph Spiders 


Measurements: Q Holotype 
Length.... 
Carapace: 
Length... 
Width... 
Sternum: 
Length....... 


Tibia-patella: 


Spinnerets: 


Type locality: W. 121° 39’:N. 46° 54’, Emmons Trail, Rainier 
Park, Washington; July 6, 1938; 9 holotype, 2 9 paratypes; W. Ivie 
collector. 

This species is very similar to idahoana, differing mainly in the light 
markings on the abdomen; in idahoana, the abdomen is unmarked. 


Genus Evagrus Ausserer, 1875 


Evagrus ritaensis Chamberlin and Ivie, new species 
Figures 19-21 

Color.—Carapace light brown, with darker radial lines. Chelicerae 
reddish brown in female, yellowish brown in male. Legs, palpi, and 
sternum yellowish brown. Abdomen uniform gray; plates over book- 
lungs brown. Spinnerets grayish brown, darkened at the joints. The 
female tends to be a little darker than the male. 

Structure —Carapace longer than wide, nearly elliptical with the 
ends truncate; median depression near middle; width of clypeus about 
a half diameter of an a. s. eye. Eyes unequal, the order of size being 
a. S., p. S., p. m., a. m. Anterior row strongly procurved; a. m. eyes 
nearly a diameter apart, about half as far from the a. s. eyes, and about 
a third of a diameter from the p. m. eyes. Postexior row slightly 
recurved; p. m. eyes about two diameters apart, about a third of a short 
diameter from the side eyes. A. m. eyes decidedly smaller than the 
p. m. eyes. Chelicerae without a rastellum; fang groove with 11 or 12 
unequal teeth on the prolateral margin. Sternum and legs typical. 
Tibia 2 of male swollen, with the usual prominence on the ventral side, 
near the middle; on the apex of the prominence are based three stout 
spines; behind these is a longer but more slender spine. Palpus of 
male typical. 


Measurements: a Co 
8.00 mm. 10.30 mm. 
Carapace: 
Length. . odie 4.00 4.60 
Width... Mes ces ee : 
Sternum: 
Length........ . 2.10 
Width.... 1.80 
Tibia-patella: 
ies trace? 3.55 
ocr nine 5 Cees ee 
SPUNNSTOUB. ccc eee cess Ne 
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Type locality—About W. 110° 54’ : N. 31° 44’, Arizona: Roundup 
Camp, Madera Canyon, Santa Rita Mts., Arizona; September 11, 1941; 
o holotype, @ allotype, o's, 9s. Immature paratypes; W. Ivie 
collector. Found under rocks, where they construct thin sheet webs. 

This species is characterized by the eyes, of which the a. m. are 
much the smallest, and nearly a diameter apart, and by the modification 
of leg 2 of the male. It is evidently closely related to E. comstocki 
Gertsch, but can be distinguished by the eyes. 


Family Ctenizidae 


Genus Astrosoga Chamberlin, 1940 


Astrosoga rex Chamberlin 
Figures 8-10 
Astrosoga rex Chamberlin, 1940, Proc. Biol. Soc. Wash., 53: 5. 
Two additional males of this species have come to hand. They 


were collected at the type locality, near Kingsville, Texas, by J. C. 
Cross. The figures and the following measurements are based on these 


specimens. 

Measurements: Male I Male II 
Ny i 5 ste, ks cine eae 25.00 mm. 20.00 mm. 
Carapace: 

BNE i0scevcscesss Sie 9.00 

i i 8.00 
Tibia-patella: 

SA 8.50 

| SAR ee 10.00 
Sternum: 

MEE, cock sek acececs ss” 5.00 

WOMRU to. se ieee ets TOD 5.00 


Genus Pachylomerides Strand, 1934 


Pachylomerides tuobitus (Chamberlin) 
Figures 13-15 
Pachylomerus tuobitus Chamberlin, 1917, Bull. M. C. Z. Harvard, 61:33; *1: 6-8. 


Locality Records: 
90.38 of Missouri: 2 mi. S. Gray Summit; July 23, 1936; Leslie Hubricht. 
91.36 2c 9 Arkansas: Imboden, 1935; B. C. Marchall. (oc 9 Univ. Utah; 
co Amer. Mus.). 


The female of this species is very similar to P. audouinii (Lucas), 
but is smaller in size. 








EXPLANATION OF PLATE III 
16. Microhexura rainieri n. sp. Female. 17. Microhexura idahoana n. sp. 
Left palpus, ectal view. 18. Same. Leg 1 of male, left side, posterior view. 
19. Evagrus ritaensis n. sp. Left palpus, ectal view. 20. Same. Leg 2 of male, 
left side, posterior view. 21. Same. Eyes of male. 
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Pachylomerides pygmaeus Chamberlin and Ivie, new species 
Figures 11, 12 


Color.—Carapace and chelicerae brown; eye area not darkened. 
Sternum light yellowish brown; labium darker. Endites light brown. 
Legs and palpi light brown, a little darker on the femora. Abdomen 
light gray. Spinnerets and epigastric region pale yellowish brown. 

Structure.—Carapace nearly circular in outline, narrowly emarginate 
at base; surface finely roughened; a small median groove extending 
from the eye area to the median depression. Head elevated above the 
thoracic part, and the eye area further elevated. Median depression 
a semi-circular groove, whose width is less than the width of the eye 
area and about one-seventh the width of the carapace. Eyes unequal, 
the order of size being, a. m., a. s., p. m., p. s. Anterior row strongly 
procurved; a. m. eyes less than a radius apart, about the same distance 
from the side eyes. Posterior row slightly recurved; p. m. eyes a little 
less than two long diameters apart, subcontiguous with the p. s. and 
a.m. eyes. Chelicerae with a short rastellum projecting forward and 
downward over the base of the fang, and bears a number of short 
conical cusps; fang groove with five teeth on the retrolateral margin, 
three on the prolateral margin. Sternum sub-circular, 9-sided; middle 
without hairs. Endites and labium with only a few reduced cusps. 
Palpus large, of the usual form; the tube about half as long as the 
tibia, bent ectad toward tip. Legs 1 4 2 3 in order of length. The 
short spinules on tibiae 1 and 2 distributed more or less evenly over 
the ventral surface, not just along the sides as in tuobitus; a few spinules 
on the ventral side of patellae 1 and 2. Leg 3 with the femur swollen, 
and with the usual dorsal depression on the tibia. Abdomen not 
roughened above. Covering of hairs sparse, and the hairs short; 
carapace without hairs, except for a few short ones on the eye tubercle. 


Measurements: o& Holotype 
PE + CEI ie sisi cee v ssciewsavinn ...... 800mm. 
Carapace: 

Length. 3.60 

Width... 3.55 
Sternum: 

Length... 2.20 

Width.. 2.10 
Tibia-patella: 

Devs eee ea ie 3.88 

Gey cae 3.50 


Type Locality—W. 94° 37’:N. 34° 2’, Oklahoma: Eagletown; 
June 28, 1937; o& holotype; Standish-Kaiser collector. 

This is the smallest of the nearctic species of Pachylomerides; the 
nearest is P. modestus (Banks) from New Mexico. These two are easily 
separated by the eye arrangements. 


THE RELATION BETWEEN POISON CONCENTRATION 
AND SURVIVAL TIME OF ROACHES INJECTED 
WITH SODIUM METARSENITE 


J. FRANKLIN YEAGER anp SAM C. MUNSON,! 
U.S. Department of Agriculture, Agricultural Research Administration, 
Bureau of Entomology and Plant Quarantine 


The processes involved in the toxic action of a poison on a living 
organism take place in a complex physical system. To understand the 
mode of action of an insecticide it is necessary to understand its funda- 
mental lethal action—that is, the chemical or physical process by means 
of which the poison causes the death of the insect—and also the chem- 
ical, physical, and physiological factors that influence, directly or 
indirectly, the fundamental action. Since it is probable that the toxic 
action of sodium metarsenite involves a fundamental lethal action of a 
chemical nature, it will be referred to in this paper as the fundamental 
lethal reaction. 

Among the physiological factors that may be considered to have an 
indirect influence on the fundamental lethal reaction are those of 
(1) penetration of the poison through the integumentary, respiratory, 
or digestive membranes into the blood stream, (2) elimination of some 
of the poison from the blood stream via the excretory mechanism, and 
(3) inactivation of some of the poison by means of detoxification or 
through storage in such a manner that it does not participate in the 
fundamental lethal reaction. 


Important among the lines of attack on the problem of the mode of 
action of an insecticide is the study of the kinetics of the toxic processes. 
The present paper gives the results of such a study. The specific 
objectives of this paper are (1) to present quantitative data relating 
dosage to survival time of cockroaches injected with the water-soluble 
sodium metarsenite (NaAsO,) and (2) to explain the characteristics of 
the concentration-survival time curves by means of a proposed hypoth- 
esis based on both physico-chemical and physiological events which 
reasonably may be expected to take place in the insect during poisoning. 
This hypothesis is described partly in words, but more precisely by 
means, of mathematical equations. Evidence for the adequacy of the 
explanation lies in the agreement of the underlying assumptions with 
generally accepted physiological and physico-chemical principles and in 
the agreement between the survival times observed experimentally and 
those calculated by means of equations developed in this paper. 


The literature includes many papers dealing with the kinetics of 
the toxic action of poisons on living organisms. A considerable number 
of entomological papers having to do with dosage-mortality relation- 


‘Abby H. Casanges assisted in obtaining some of the data used in this paper. 
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ships are of a statistical nature. The present paper is not a statistical 
one, but statistical tests were carried out and found to confirm the 
apparent reliability of the data. Although rate of dissociation of the 
sodium metarsenite is emphasized in this paper, the authors recognize 
that the idea that ionization may be a factor in toxicity isan old one. The 
literature on this subject is too voluminous for all of it to be discussed 
here, and only a few closely related papers are cited. The main con- 
tributions of the present paper along this line consist of (1) confirming 
the existence of inflections (kinks), such as was recognized by Jones 
(7), (8) and Seth (11) to occur in concentration-survival time curves, 
and by Dimond, Horsfall, Heuberger, and Stoddard (2) and Lin (9) in 
their dosage-response curves, and such as occur apparently unrecognized 
in the data of several other authors; and (2) of proposing a reasonable 
hypothesis to explain this phenomenon in the experiments reported here. 

An important part of the hypothesis proposed to explain the inflec- 
tion of the concentration-survival time curve is the idea that the 
concentration-survival time relationship is influenced by the degree of 
dissociation of the electrolyte, sodium metarsenite, and the rate at 
which it approaches complete dissociation. This poison is considered 
to exist in two different forms, ions and molecules, which are in dynamic 
equilibrium with each other within the organism. The ion is considered 
to have predominant (or exclusive) toxic effect, therefore it is necessary 
to correct the total concentration, c, so that it will express only the ionic 
concentration. The main idea of this hypothesis can be enlarged to 
include other equilibria than electrolytic dissociation (or reassociation 
of a completely ionized electrolyte). It is only necessary that a chem- 
ical material, z, whose effect on some system is to be measured, should 
exist in two different forms, A and B; that A and B exist in dynamic 
equilibrium with each other, as indicated by AZ”B; and that the 
effect to be measured is caused by A but not by B. Under these con- 
ditions, curves analogous to the concentration-survival-time curves 
discussed in this paper, that is, where the applied concentration of z is 
plotted against the magnitude of the measured effect, would be expected 
to show inflections analogous to those discussed in the following pages. 
Thus, this more general expression of the proposed hypothesis really 
includes the electrolytic dissociation hypothesis as a special case. It is 
to be expected, therefore, on the basis of the more general hypothesis, 
that inflections comparable to those discussed here would be caused by 
dynamic equilibria other than that of electrolytic dissociation. In the 
particular case of the cockroach-arsenite system discussed below, the 
concept of the electrolytic dissociation equilibrium of the sodium 
metarsenite is utilized, because the data are explained more completely 
by the dissociation hypothesis than by any other hypothesis the authors 
tried to use. 

Although the authors consider the specific hypothesis to be well 
based, they recognize it to be an explanation subject to any changes that 
may be necessary in the light of additional knowledge. They also 
recognize the possibility that another investigator, using the same data, 
might be able to offer a still better explanation to account for the 
facts. For this reason, the various measures of central tendency and 
the corresponding calculated values have been included in the tables. 


1945] Yeager and Munson: Survival Time in Roaches 561 


METHODS 
DESIGN OF THE EXPERIMENTS 


To avoid as many uncontrolled factors as possible, an injection 
method was used. Uncontrolled variables inherent in the integu- 
mentary or intestinal membranes, through which absorption must take 
place, were eliminated by making the full dosage of insecticide appear 
suddenly in the circulating hemolymph. A water-soluble insecticide 
was preferred because it would dissolve in both hemolymph and saline 
solution. 

Three different salines were used: 1.1 per cent sodium chloride 
(NaCl), 1.34 per cent NaCl, and a complex salt solution containing 
10.93 NaCl, 1.57 potassium chloride (KCl), .0.85 calcium chloride 
(CaCl), and 0.17 magnesium chloride (MgCl), expressed as grams 
per liter. The complex saline has been reported suitable for main- 
taining the activity of isolated organs of the American roach for 
considerable periods (13). For this reason, the complex saline was 
used in the two experiments (5 A and 4), that were performed first. 
But when sodium metarsenite was dissolved in the complex saline, a 
fine precipitate appeared and remained in suspension for a longer 
period than was required for the injections. The precipitate no doubt 
consisted of insoluble salts formed by combinations of calcium and 
magnesium with the arsenite. The solutions of arsenite were injected 
into the insects as soon as possible after preparation. Only in the 
higher concentrations (0.1538 M and higher) did the precipitate 
become visible before the injections were completed. 

No precipitate appeared in NaCl solutions; therefore, 1.1 per cent 
NaCl was used in the next experiment (3). In the next two exper- 
iments performed (2 and 1), 1.34 per cent NaCl was used, instead of 
1.1 per cent, in consideration of osmosis. Isolated roach tissues would 
remain active longer in the complex saline than in the NaCl solutions; 
therefore, it was decided to use the complex saline in the four replica- 
tions of the first experiment performed (5 A). 

Five different experiments were performed, one repeatedly. In 
experiment 1 sodium metarsenite in 1.34 per cent NaCl was injected 
into the American cockroach (Periplaneta americana (L.)). A greater 
number of concentrations of poison were used in this than in the other 
experiments. In experiment 2 the insecticide in 1.34 per cent NaCl 
was injected into the oriental cockroach (Blatta orientalis L.). In 
experiment 3 the oriental roach was used and the arsenite was dissolved 
in 1.10 per cent NaCl. The oriental roach was used in experiment 4, 
and the American roach in experiment 5, the complex saline serving 
in both. Experiment 5 was performed five times. 


PROCEDURE 


Only nymphs were used, except for 14 young adults included in 
experiment 4. They were divided into groups equalized as nearly as 
practicable with respect to both body weight and sex. The controls 
were injected with saline solution only, and then the other groups were 
injected with the different concentrations of the poison. In a given 
series of injections on a given day the lowest concentration of the 








562 Annals Entomological Society of America |Vol. XX XVIII, 


arsenite was injected first, then the next higher, and so on, a single 
injector being used for all the concentrations. After injection, each 
roach was returned to its individual container—a glass vial, the open 
end of which was closed with a wire-gauze cap. These vials were kept 
in a cabinet maintained approximately at 80° C. and 65-80 per cent 
relative humidity. The roaches were examined at successive periods to 
determine the time of death, the interval between observations depend- 
ing upon the concentration of poison injected. The intervals were short 
when high concentrations were used and longer for the lower dosages. 
When the dosages were sufficiently low the examinations were made 
every 24 hours. The time midway between the time when the insect 
was last observed alive and when it was first seen dead was taken to be 
the time of death. The'’survival time was the interval between injection 
and time of death. An insect was considered dead when it gave no vis- 
ible response to mechanical stimulation. As the insects were given 
neither food nor water after being injected, the survival time of the 
controls was determined by their ability to withstand these conditions. 
The same conditions were operative on the poisoned insects and would 
be expected to have a greater influence on the poisoning processes when 
the survival time was longer. 

The injector consisted of a 0.1-ml. pipette, graduated to 0.001 ml. 
(15). A small glass tube, drawn out to capillary size and connected 
with the pipette by a short length of rubber tubing, served as a needle. 
A longer rubber tubing extended from the other end of the pipette to a 
glass mouthpiece. The liquid was drawn into and measured out of the 
pipette during the injections by suction and pressure of the breath. 
The needle was inserted into the coxa-femoral joint of the insect’s leg. 
When properly done the injection was followed by no immediate 
bleeding. Whether or not bleeding might have occurred later could not 
be determined with accuracy. Signs of later bleeding were noted in 
only a small percentage of cases. In most instances later bleeding was 
considered not to have taken place. If more than a very slight amount 
of bleeding or leakage accompanied or followed the injection, the insect 
was discarded. 

The quantity of fluid injected was always proportional to body 
weight. If, for example, an insect weighed 1 gram it received 10 mm.’ 
(0.010 ml.) of solution. The error of the method was estimated to be 
about 0.25-0.50 mm.* (0.00025-0.0005 ml.), when the injection was 
done without bleeding. 

All the calculations of survival time referred to in this paper are 
based on molar concentrations of poison. For the convenience of the 
reader, however, each concentration is also expressed in grams per 100 
ml., which is referred to in the tables as per cent. All logarithms given 
are natural logarithms. 


RESULTS 
EXPERIMENT | 
Thirty-five concentrations of sodium metarsenite were injected into 
350 American cockroach nymphs, divided into 35 groups of 10 insects 
each. The insects within a group received the same concentration of 
sodium metarsenite dissolved in 1.34 per cent NaCl. Ten insects were 
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injected with the saline only and were used as controls. Four insects 
were discarded and 2 others were omitted for the reasons indicated in 
Table I. The survival times were observed and were used to determine 
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Fic. 1. Experiment 1. Concentration-survival time curves. Observed survival 
times (harmonic means) are shown by circles. Solid dots are survival times 
calculated by equation (18) for all concentrations, and by equation (14) for 
concentrations above 0.350 percent (0.02692 M); below this concentration, 
survival times calculated by equation (14) are indicated by squares. Insert: 
Part of the curve enlarged, showing the region of the inflection. 
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the arithmetic mean, the median, the geometric mean, the crude mode, 
and the harmonic mean. All these are given in Table I, which also 
shows survival times calculated by the indicated equations. 

Examination of the tabulated survival times shows that the different 
measures of central tendency agree reasonably well as the concentration 
is decreased, until it reaches about 0.200 per cent. Agreement is not so 
good from this point to a concentration of about 0.100 per cent. The 
disagreement is greatest in the region of 0.150 per cent. Below 0.100 
per cent the agreement again is better, being about as good as for the 
controls. The disagreement among the measures lying in the approx- 
imate range of 0.200 to 0.100 suggests that there lies a critical zone in 
which the action of the poison is influenced by undetermined factors. 

Agreement between the harmonic and arithmetic means in the 
critical zone is closer when the arithmetic mean is calculated from only 
the lower subgroup of the bimodal frequency distribution (see Table I, 
footnote 8). In each instance the arithmetic is higher than the 
harmonic mean. 

A curve simulating a rectangular hyperbola is obtained when the 
various concentrations of injected poison are plotted against survival 
times, as represented by one of the measures of central tendency given 
in the table. Figure 1 shows the curve thus obtained when the harmonic 
mean is used. In this and subsequent figures the curves are plotted in 
terms of molar concentrations which, for convenience, are expressed as 
percentages. Each concentration-survival time curve shown in the 
figures represents only a part of the range of concentrations given in the 
corresponding tables. In general, survival time increases as the con- 
centration of injected poison becomes less, but this is not the case in 
the region of 0.500 to 0.400 per cent, where survival time may actually 
decrease as the concentration falls. In that region, here referred to as 
the region of inflection, the curve in figure 1 exhibits a kink. The 
region of inflection is variably indicated by the different measures of 
central tendency. 

In terms of the curve fitting discussed below, and considering both 
the region of inflection and the critical zone, it becomes apparent that 
the different measures fall into the following order: Harmonic mean, 
geometric mean, arithmetic mean, median, and crude mode. When all 
the data are considered, the harmonic mean is the most and the crude 
mode the least adequate measure of central tendency. Although 
insects that showed excessive bleeding were discarded, it was not 
practicable to detect bleeding that might have taken place after the 
injected insects were returned to their containers. Delayed bleeding, 
were it to involve loss of injected arsenite, would tend to lengthen 
survival time. Uncontrolled errors of this kind have a less marked 
effect when the harmonic mean is used, because excessively long sur- 
vival times affect this measure less than the others.2, The harmonic 
mean, however, is influenced by very short times, as is shown by the 
values for the controls in Table I. One of these controls died in an 
extremely short time. It is possible that this insect was sick, although 
it appeared normal when injected, and that survival time was deter- 





2The use of the harmonic mean is suggestive of the use of the reciprocal of 
survival time to indicate speed of action and has the advantage of allowing one to 
continue to deal with time, which was originally measured. 
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mined by both starvation and disease. Be that as it may, the harmonic 
mean of the controls is very small when the survival time of that insect 
is included, but has a reasonable value when it is excluded. 


0.30% Contrals 
ars Sal 965 41520 44724- 94530 


25 cnsects 


;. 2. Frequency distribution for groups of insects injected with different con- 
centrations of sodium arsenite in the combined experiments 5 A-E. Number 
of insects shown on ordinates, survival time in minutes on abscissas. Con- 
centrations are indicated by percent. 


In experiment 1 the frequency distribution of survival times within 
a group represented by a single point on the curve varies in different 
parts of the concentration range. The variation is similar to that shown 
in figure 2 for experiments 5, A-E, combined. The distributions tend 
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to exhibit a single mode at most of the concentrations, but in the 
critical zone they tend to become distinctly bimodal. At about 0.200 
to 0.150 per cent, the injected insects tend to fall into two distinct sub- 
groups, those of one subgroup having survival times that might be 
expected and those in the other subgroup having extremely long times. 
Differences between the distributions can be indicated numerically by 
taking the ratio of the range of the individual survival times [difference 
between the longest (Z) and shortest (S$) survival time in a group] to 
the harmonic, geometric, or arithmetic mean (M); that is, by (L-S)/M. 
This range/mean ratio expresses the extent of the distribution in terms 
of the mean. Ratios calculated in this way are given in Table II. 
Although the values of the ratio show some variation as concentration 
changes, extreme variation occurs only in the critical zone. The 
largest value, indicating the greatest range, is at 0.150 per cent, and is 
associated with the breakup of the frequency distribution of a group 
into distinct subgroups. 


TABLE II 


EXPERIMENT 1: RATIO OF RANGE TO ARITHMETIC, GEOMETRIC, AND HARMONIC MEANS 
AT THE VARIOUS CONCENTRATIONS OF SODIUM ARSENITE 
INJECTED INTO COCKROACHES 






































CONCENTRA- RATIO OF RANGE TO MEAN CONCENTRA- RATIO OF RANGE TO MEAN— 
TION TION Si 
Percent |Arithmetic | Geometric | Harmonic Percent |Arithmetic | Geometric | Harmonic 
6.0 1.6 1.9 2.0 .40 1.2 1.3 1.5 
5.0 3.3 4.1 4.6 375 0.6 6 oe 
4.0 1.0 1.1 1.2 .350 32 32 32 
3.0 2.6 3.0 3.5 325 5 5 5 
2.5 7 74 8 300 1.5 1.6 4.7 
2.25 1.6 2.0 2.0 275 3.7 4.7 5.3 
2.0 1.4 1.6 1.8 250 2.0 2.3 2.5 
1.75 1.2 1.3 1.2 225 1.8 1.9 2.0 
1.50 3.1 2.9 3.1 200 2.8 4.1 5.3 
1.375 1.6 1.9 2.4 175 3.1 4.8 6.5 
1.25 1.7 2.1 2.4 150 4.8 24.4 51.9 
1.125 1.3 1.5 1.8 125 | 2.1 4.2 12.3 
1.0 1.0 1.0 1.1 100 2.6 4.0 9.4 
90 1.3 1.5 1.7 075 1.9 2.4 3.1 
80 '.5 1.2 1.4 050 2.0 2.8 3.9 
70 1.1 1.2 1.3 025 1.4 1.6 2.1 
60 4 4 5 Controls! 1.6 2.3 7.1 
.50 7 7 7 Controls? 2.4 
45 9 1.0 1.0 
110 insects used. ' 


29 insects used. 
EXPERIMENT 2 


A total of 111 nymphs of the oriental cockroach, divided into groups 
of 10 (one group had 11), were injected with different concentrations of 
the arsenite dissolved in 1.34 per cent NaCl. Another 10 were injected 
with the saline only and were used as controls. Five insects were 
discarded for reasons given in Table III. Because fewer concentrations 
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were injected, the hyperbolic relationship between concentration and 
survival time is shown less precisely than in figure 1. Nevertheless, a 
critical zone is indicated in the region of concentrations 0.25 and 0.20 
per cent, and an inflection occurs at about concentrations 0.50 to 0.40. 
As in experiment 1, the ratio of range to mean was highest in the critical 
zone, in which the frequency distribution of a group tends to break up 
into subgroups. 


Survival times were calculated by means of equation (18) and were 
found to give fits better than those shown for equations (14) and (19). 
Because v assumes constancy in the neighborhood of the low value 
0.0030, and because the values of the constants k and s are made less 
reliable by lack of data for the very low concentrations, and to save 
space, the fits by equation (18) are omitted from Table III. The values 
of the constants used are given, however, in Table VIII. 


EXPERIMENT 3 


Ninety-nine nymphs of the oriental roach were injected with the 
arsenite dissolved in 1.10 per cent NaCl, 10 controls were injected with 
the saline only, and 6 insects were discarded (see Table IV). The same 
hyperbolic relationship between concentration and survival time was 
found. Although not enough concentrations were injected to delineate 
the inflection clearly, it is indicated in the region of 0.40 per cent. A 
critical zone in the vicinity of 0.25 and 0.20 per cent is indicated by 
the data in Table IV, by calculated range/mean ratios, and by the 
tendency of the frequency distributions of the groups to break up into 
subgroups. 


Survival times calculated by equation (18), although better fits, are 
omitted from Table IV for reasons similar to those stated for Table III. 
The valués of the constants used are included in Table VIII. 


EXPERIMENT 4 


In this experiment 196 nymphs and 14 young adults of the oriental 
roach were injected with arsenite in the complex saline described under 
Methods. Seventy-five insects were injected with the saline only and 
were used as controls. The number of insects used for controls and those 
injected with 0.050, 0.020, and 0.010 per cent arsenite are large because 
most of them served both in this experiment and in another conducted 
at the same time. The data (Table V) show the usual hyperbolic 
relationship between concentration and survival time. An inflection is 
shown at 0.40 to 0.30 per cent concentration. A critical zone, indicated 
also by range/mean ratios and a tendency of frequency distributions to 
break up into subgroups, occurs in the region of 0.20 to 0.15 per cent. 
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EXPERIMENTs 5 A-E 


Five replications of experiment 5 were carried out. American 
cockroaches were injected with the arsenite in the complex saline. 

In experiment 5 A, 186 nymphs, of which 1 was later discarded, were 
injected with arsenite. The controls numbered 15. The results are 
given in Table VIA. In experiment 5B (Table VI B), 150 nymphs 
were injected with the poison and 2 were discarded. Ten insects were 
used as controls. In experiment 5 C (Table VI C) there were 10 con- 
trols and 150 poisoned insects, but 2 of the latter were discarded. In 
5 D (Table VI D), 5 of the 160 poisoned nymphs were discarded. Ten 
roaches were used as controls. In 5 E (Table VI E), 148 nymphs were 
poisoned, and 4 were discarded. Ten controls were used. 


In each of these experiments, a region of inflection and a critical zone 
are indicated. The region of inflection lies in the concentration range 
0.40—0.30 in experiment 5 A, and 0.35-0.30 in the other four exper- 
iments. The critical zone extends from about 0.20—-0.15 in experiment 
5 A, 0.20-0.10 in 5 B, 0.15-0.05 in 5 C, 0.15-0.075 in 5 D, and 0.20-0.15 
in 5 E. The inflections and critical zones thus occur at about the same 
concentrations in the five replicate experiments. 

The results of combining the data of experiments 5 A-E are shown 
as experiment 5 Fin Table VIF. The inflection is at 0.35—-0.30 percent 
concentration and the critical zone at 0.15-0.075. Figure 2 shows the 
frequency distribution of survival times for the combined groups of 
insects corresponding to each concentration injected. The distributions 
tend to exhibit single modes, except in the critical zone where they 
become bimodal and break up into two distinct subgroups. 





*IAOGE SB S.19Y40 ‘6° 





‘o= Po ‘9p-9 = ¢ ‘(61) UOIZeNba JO «‘aAOqe s¥ s194}0 ‘g = ws ‘9C000'0= 





cezo'o = 72 ‘(#1) uoMenba 10g *] aque, ul se 


































































bh 3IE SJUPISUOD JBYIQ ‘HC9NN') SeYSRA1 JI UDYM JURISUOD SAUIOIE 2 °Q°Z = M ‘NCOT = ¥ ‘C16ZZ0'0= Po ‘ee’ = ¢ 319M (81) UOTZENbe 10; SzULZSUOD 19440 94} JO Sanwa 9Y Jy ° 
_ *Pepseosip BUON ‘posh sdnoiZ Jajjeulse, 
— *PepsBSiC] “Sa PNUIU OE UI Polp FO] “ON JSUT; 
- “pepsreosiqy “SONUIU CO] PeAT] pue pelq SII “ON Jesu], 
v4 80100 ss110'0 | 8010°0 86010°0 | | =x 
—_— nein = | . . . pumatmnceneliiscsslll atin iceniiaa a a a - a . | . 
; ; ; ; s 
— = | = | & = ad 840°08 026 OF 922'St 0260+ | OZT' OF | sjos3u0y = O 
,o £92'90¢ | GIF IHS | gzg‘oLE | 12¢°662'I 10L FI 266 EF O9T'8E FOr OF oOor'se | OS2'8F £26100 0$z0 
- | £66°6FI sce'oot =| «= 292'0LT 962° 992 2E9'° SSI bPO' eb 0ZL'9E OF’ St 0229 «=| Ss OFZ'8F £88200 ¢2e0 
a ¢82'£9 | rL9 | b20°CL 20196 OE" 9 | $96°Se o9¢'z¢ ¥S2' Eb o9s'z¢ | OG2'8t | 9b8£00 0¢0 
o $L2'81 | 820°0% | 188° Z19' FZ 890°61 0Z1'6 096'0€ 888° 1Z | 096°0€ | Osg'ce 692900 | £20 
= ‘L | $8¥'8 | 9806 289'6 | L40'8 | 829°8t 008'9F rer'er =| «= 089'6h «=| «S(ogt'og =| z69200° | Ol 
& 998°% | | ¥69°% 089°% | 98ez ° | 660% 008° 01 ¥06'¢ | 008°0I Z16'¢I bS110 | $i 
= SI Z10'1 2801 | cn't | 860° 1101 } oge'l | 92b'T 089'F | Ono's vpOe'6r =| = «seslo | 06 
XN gl ogg 99¢ | £09 eg¢ | Oz¢ sg | 9e¢¢ | gg | $e¢ | £2610 
> $I | OE | 89 Sle OE gle o9E cre } $e 80870 
> | Is¢ | $2e 98 6zE | 76920 
= abl Lee She ole G0E 10€ 80¢ org Ig | 8st | 92080 
‘= ¢I £92 692 94 6£2 68% $82 842 68% | 28% | 9*8£0 0¢ 
2° SI | vel cel 901 11 ail Ost Tél O¢T 6FI | 69290 £2 
42 SI Ll | 18 T¢ ¢9 bl | @ 08 $l 48 26920 | ol 
3 gI 9F 6+ | ze eh | + 64 g¢ | 1260" | zl 
‘3 gI Ss 9% | 61 9% | 8t a 6% PII ol 
30 #1 ‘8 6 | #1 
“2 SI aI | |} & II tI 9 3 I & | 02 8ec1 0 0% 
— = — = — = | - = = Dmenens am —— _ eRe —_ = nee ES | 
= ueoul uvouwwl uvoul uvouwl 2pon uvoul _ uvoul | 
S owowleP | o1jaW0es | syewWIYyAWy uvoul uvoul oMOWLIe Hy apnig djauI0er) | UPIPIIN | oouyyts 
> otuoulleYy ououlley ' | 
R) iy 0} iY 0% — _ ee | 
34 03 (#1) (61) | uviow | INA 
a (sequinu) (81) | 
3 agasa aaANaSAC | | 
= SLOASN] 
NOILVOOd A@ GALVINITV | 
= a | | 
| 
x — \— — 
(S@gNUIW) SAW], IVAIANAS | NOILVALNAINOD 
' 








4 


SAWIT IWAIANYNS GALVINOIV,A GNV VIV(, ‘HLINASHYVLAYY WAIGOS HLIM aqaLoaf{N] SAHIVONADIOD -V ¢ LNAWIAAdX 4 


57 


VIA WIaVL 





+ =D ‘ort = ue ‘¥02Z20'0= 72 ‘zb'0 = ¢ ‘(61) UOIZeNba (Z) *46600°U 


is S9YSvl FI UdYM jUBISUOD saUIODEq 4 ‘fF » = ut ‘61220°0 = 72 ‘9¢°0 = ¢ ‘(R1) UOIyeNba (J) 410; 219M SzURISUOD 19430 AY} JO SanyeA ayy 
~ *pepreosiq] “petq Wasuy, 
1D “papseosiq] = “Peq Z601 ‘ON Wesuyz 

*PAPsVISIC] + “SAMUI YH PFAT] OOTT “ON Wesuy, 


80100 gssi10 0 £2100 e9e10'0 5 , = cae. s 7 = 92 


«o oo oo o 0F6'6£ 0F0'IF 81 IF sjorzu0D = O 
L¥0'L0¢ 89274 OLF'LLE 898689 Orz‘0¢ 09e' St ¥86°6¢ ; £20 
oes'e9 292'89 00°22 +8662 020°L OS" LF Z6L'LE ' 0s0 
L9F'8T 60102 SIF'IZ ZOL'ES cae ne clo 


896'2 1z¢'8 £20'6 £00°01 8 009° 09z'¢ 840° FZ 769200 ol 
00F'¢S¢ 
i ad £9¢' GZL'% $96°% 8 026'T ose’ OFe'St ZE9'9E PSTIO 
840'T Trt £6U'T 992" 1 OFL'T Zr6'T OFL'T 969°9 8ES10° 
99¢ $09 +9 or FI9 ¢99 br9 889 £2610 
20+ 0fF Lv ZOF SIF L0¥ £0F Zit 80€20° 
vt clr 61F elt 12t 26920 © 
a. ; : vee 608 eee ole 
L8& vee ILE vee elt 920€0° 
962 662 ole 11g or’ GSE 9F820° 
LLI Z9l 9€T est rel 09T 69290 
¥6 16 £21 901 £31 9 26920 
og 19 89 99 IZ 69 1€260 
@ 9¢ ce St &F lt PSI 
eI tI 02 tI or tI 1 sect 0 


“ 
% 
= 
1) 
3 
Ss 
Re 
= 
‘= 
& 
& 
Pad 
™ 
ss 
3S 
2 
5 
~ 
= 
Y) 





uvoul uvoul uvouw apow uvoul uUPIpey uvoul 
omwoUuLIe Hy dLIyaWIOEL) ojewIYy Wy uvoul ouO0ULIe apnig dLIyoUION+) wwYyIWy 
dTuOULIeY 
ae. .. 3°)” he. ee aa +4 03 
aasn 1y 93 (61) avIOW INIA 
SLOASN] (81) 




















aaAuasSaC 








Yeager and Munson 


—NOLLVNO"E Ad GALVINIIVD 








(SA9gNUIUT) SAWIT IWAIAANS | NOILVALNFINODZ) 














1945] 


IVAIAUNS GALVINDIVD GNV VIVQ ‘“ALINSSYVLAJY WAIGOS HLIM GALAN] SAHOVONNIOD :gG ¢ LNAWIAdX 7 
GIA ATAVL 





yuu ‘s = 8 ‘6! = mM ‘Selzo0= Po ‘Oro = d “(6D uo1jzenba (g) ¢gsx00°0 


S9yovel FI UBYM JULSUOD SaWiODeG 2 ‘f= Mu ‘GC =D ‘f= Ss ‘ORET = ¥ ‘GL = M ‘'961Z0'0 = 72 ‘6g'0 = ¢ ‘(QI) UOTZENba (1) 10; a1aM SULJSUOD 19430 BY} JO SaNTeA ey] + 














































































| *BUO] 00} Bulag SUOTJBALAaSGO UIAMJEq [BAIIZUI OF aNp Ajax] AIBA VNTVA AO] SIU [¢ 
— *pepseosiq] “AUII} [BALAINS VOYsS Ajeulel}xe UE peYy 4oesU]; 
ly ‘pepseosiq] “aUlty yeATAINs Zuo] Ajeulel}xe ue pey pue AlaAtssaoxe pa]q osu]; 
_ 
~< 26010 °0 Orl10 0 gz110°0 $6010 0 | . , | , | " = I 
e: or 2 co co co OST'St 089°6+ OF1'6t OF2'8t ooT'ss my sjosu05 = O 
c or 888'TI¢ 9ZE'0Z¢ LSE°L2¢ ¥62'E1¢ 09¢'9F OF2'8F 002°L¢ 0896 «=| «= SIS LF £26100 $20" ” 
oO 0+9'79 
> ol T61'S9 oor's9 086'¢9 bOT'F9 066°Zz ¥ 026'L OF2'8E ores =| oO9g'e¢ 948200" 00° 
tome , £66'8T 90°61 29¢°61 S061 : Pak a a 692900" $20 

3 088'9¢ | 
- I 1£0°8 F9I'8 $2¢'8 $20'8 ¥ 009° O8F' ZF cel ee 769200" ol 

. 0ze's¢ 

= ol 40F'Z bbz LLy% O8E"Z | Slot 9 091'Z 0912 S96°LT FST1O st 
x OT ££0'1 0g0'T 490'T 800'T geo } $2g } $28 6h 8ESI0° 02° 
SS, ol ore s¢¢ o9¢ 8I¢ e1¢ 90¢ } $0¢ Te¢ £2610" &% 

Ss or 8LE S8e 16€ 6LE BLE o8E £8E 06¢ 80£Z0° 0g" 
= or S9¢ 1Zé OLE 09€ goe She L9¢ gle | 26920" Se 
-2 or Loe eee Lee Lee | 92& 9T€ | LI€ vee 92080" or" 

3 Ol Gubeenss BF abode  — Seeaeeae ees z0z OFZ 9£2 zz 
o 26 OF FFz L¥G PSz 0€% OF OFZ 6&2 9F8E0° og 
ms 16 TéI £21 ZI SéI OgT est est rel 69290" $l" 

s ol GL £2 bl 19 62 Il Ol £6 26920" OT 
"So or ly I oP bP 6h sg oe as 18260" al 
RS) or cs 3 a 9% 9 ZI 81 8I 02 PSII° I 

8 ol I It aI ST or I I at at 8est'0 0% 

S uvowl ueoul uvoul uvoul opow uvaul uPIpeW uvoul 
~ oUOWIe YH dLyeuION+) opUMUYyyuy uvaul oWOULIe Ly epnig oUyeuloe+) dNpeuUyy 

= owoulrey 
X ay 04 

o +Y OF (61) uviIoyy INN dg 
s (sequinu) (81) 

3 aasn | agAaasaO 
= SLOISN] 

= —NOILVNOd Ad GALVINIIVD 
Ss se 

(SAzNUIWT) SAW], IVAIAMAS NOILVALNSINOZD 

= ae 

uD SAWNLL TWAIAYNS GALVINIIVD GNV VIVG ‘SLINASUYVLEYW WOAIGOS HLIM GaLIa([N] SHHOVOUAIOD :C— ¢ INAWIAdX |] 


JIA WIdVL 





Roaches 


ime in 


LT 


S 
2 
- 
» 
~ 
~~ 
a 


Yeager and Munson: S 


1945] 


‘9800°) SPYOvas 4I UBYA ZUVJSUOD SaUIODEq a ‘fp = US 


‘> = 


u‘g=D 


‘oT = m ‘ggizo'0= 72 ‘240 = ¢ ‘(61) UoIZeNba (z) 


= S ‘08SZ = ¥ ‘GL' = ™ ‘861Z0'0 = 72 ‘6¢°0 = ¢ ‘(81) UOIWeNba (J) a1aM SjUB}SUOD 19430 BY} Jo Sen[wA ay] ¢ 
*@UIT} BUC] A[PATSS9OX9 POAT] PUB P2Tq GNGI “ON 200sSUT, 


*popreosiqy 


‘papivosip sea pu petq OS6I ‘ON JesuT 


*papsvosiq] 


*pepseosiq] 


*pepseosiqy 


‘ASOPIOAO USAIS FHGT “ON 200SU]e 
*BUO] A[9UI9I}X9 PIAT] OLGI “ON 3O9SUT; 
*BuO] AJOUla17xX9 PIAl] puv PeTq FL6T “ON 299S8UqT; 





(sequinu) 


agasn 
SLOASN] 


¢g010 0 


ao 
691'S8F 
20209 


100°8T 


upoul 
otuoulle pf 





29010 0 


co 
S28" L6F 
$82'79 


1L¥'8I 


118°Z 
bee's 
$00'T 
Te¢ 
89¢ 
gee 
Sig 
FES 
SI 
89 

6g 

1% 

Il 


uvoul 
djaUIOeL) 





68010 0 


oO 
ZF OI 
898'S¢ 


166'81 


600°8 
868° 
020'T 
PFS 
LLE 
woe 
9ZE 
68% 

| 
69 

OF 

1% 

IT 


uvour 
onjewYyyy 





4 03 
(81) 





O1I10 0 


co 
9ZE'0Z¢ 
£40'¢9 


cel's 
Zits 
620° 
gz¢ 
Soe 
OE 
Org 
OFZ 
611 
£9 

cP 


ouoUuLeY 


4 03 
(61D) 





—NOLLVNOF Ad GALVIADIVD 





o9T'¢e 
018°2z 


068°TT 


OF9'TZ 
PLP 
+08 
crs 
ose 
OFF 
0ZE 
602 
PII 
¢9 

6€ 

61 

91 


uvoul 
ououlIe yy 





OW' It 
0096 
099°6¢ 
08z'¢e 
¥ 08t'9 
098" ot 
 089'E1 
091’ 
066 
g¢¢ 
L¥E 
9¢e 
60€ 
Fz 
601 
29 
OF 
8I 
tI 


apnig 





008° Le 
O12 
a 


O1Z'&% 


O19 le 
016% 
FS 
£09 
gcse 
ese 
FE 
922 
0Z1 
89 

oF 

02 

9 


uvoul 
D1IZ@UIOAT) 





0ZE'0F 
OFF LE 
O9T'8é 


Or8'eé 


O8F' ct 
LLY'T 
066 
ogg 
ose 
GLE 
60€ 


Laz 


uvIpeyy 


0z8'0F 
266'FE 
+496 


096'08 


882'8E 
906°2 
£96 
etl 
sce 
09¢ 
8ZE 
acd 


lal 


uvoul 
oyeWUIyWYy 








aga AaasiC 


£26100 
9*8£00 


692900 


269200" 
FSTTO 
8ES10° 
£2610" 
80820" 
26920 
9200 
9F8£0° 
60290 
26920" 
1£260 

wT 
sect 0 


uv WwW 





sjo1qu0D = O 
$20" 


INSDUag 








SWI] TVAIANNS GaALVINOTV, GNV VIVG 


(SOzNUIWT) SHWIT TWAIAMNS 


GIA AIadVL 





NOILVHLNIINOD 


‘ALINASUVLAY WAIGOS HLIM GALIA[N] SAHOVOUAIOD ‘CQ ¢ LINAWIAAdX| 





‘Lb1Z0'0 = 72 ydaoxa ‘(g]) uotyenbe ut sv av sjURySUOD *(§]) UOMeNbe 404 













































































- “06000 S9Y4SRas }I USM JURISUOD SeUIODeq 2 pu ‘F = Ss ‘NOTE = ¥‘c = D‘fF=U = u‘C0Z20'0= Po ‘09°0 = ¢ ‘(gI) worjenbe 10; a1e sjUBJSUOD J9Y43O 9Y} JO SaNn[eA 3Y J» 
— “pepreosiqg] +“Buo] Ajeulelzx9 peat] pue petq Z81Z “ON 399SU]> 
i *pepieosiq] + ‘“Sulpse|q peAvjep 07 Surmo Ajqeqoid ‘Zu0] Ajausal3zXe Peal] $61Z “ON 399SU]> 
» *BuIpss]q jO asnedeq PEPIBOSIP EZZZ “ON 399SUe 
a *peplIBIsi(q] “ISOPJIAO UAAIB §ZZZ “ON 199SU]; 

»* *pezooful sjoesul g AjUG; 
: ms 

* OII10'0 SZ110'0 OLT10°O £11100 ae ie 5 eit ania 2h = 

2 or o '_ © oo eo SZe'0¢ 08s"9¢ 0z2'TS 082'e¢ 9ET'e¢ : $102300) = O 

ee ol 9ze"0z¢ LEE LES IGF 8S BELIZE OFS"Sz 00°19 0£2'8t ozr'I¢ bbP St £26100 ¢z0 

3 ol oor'¢9 086'¢9 619°89 61Z°¢9 012'99 00°89 ose'69 088" FL PBL'IL 9F8E0U oso 

.»~ or 96°61 Lg¢'61 6EE°02 8ZE'61 S6L'8F 006°€F 00% FF 002'EF g1e°sh | 692900 £20 

~ ol 691'8 6228 019'8 LLE'8 O22 0F2'8t 02h 9F OF2'8t 918'8F 269200 or 

= 0F2'8t 

oan or Ost's ¥8h'% £89°C 61F'Z £99°0I 77 009° 06E'9z 02S" LF 0ZE"0F PSTIO | st" 

‘ Or 6S0°T £20'1 SIT $20'T L¥6 268°1 020°T Ist | 8es10° | 02 

> or ¥9¢ 1Z¢ +69 Les vee £6¢ ogee c6¢ egg £2610" So" 

> 6 668 SOF TaP 10% 00% £0% IF £0F Ost 80€20° of 

d ¥6 66€ cOF 12t 10¥ 80% OLE olF S6E ver 76920 ge 

; S or 19€ 998 O8E Ls¢ £08 462 LOE wOe PIe 920€0 OF 

CS £6 $92 892 8Lz 8F2 ¥SZ ZES 892 £62 +62 9F8E0 og 

Pe 26 eel cel OFT 96 06 ol £6 ZOr 96 69290 $2° , 

8 or 9¢ zg 6¢ Sv LY bP os 8F ¥g 26920" oT 

aS “— £f re oe 62 ie “ort ihe 1£260 Zl 

a or 61 61 02 LI ¥% 9% 92 9% 2z ySIt cl 

Ss 18 I I Il or ZI 61 8I 61 8I sect 0 0% 

os — wl seine cliaseltlenii diene lp cicies scinlaiaa . wal stots eis oe a 

Ss ueoul uvoul uvaul uvoul apoyw uevoul uPIpeW uvouw | 

S oWOULIe Fy dLIyaUION+) onewyyy uvoul ouo0UuLle Hy apnig dLIyUIOSL ojewIYyIWy 

= owOULIeY 

f a qYy 0% 

q 4 04 (61) | avIOW LNaaAd 

ms (81) 

8 (4Joquinu) aaAaasAG 

~ aasa eae etree 

= SLOASN] —-NOLLVAOd AG GALVINIIVD 

x aes 
(SeqnUIW) SAWI], IVWAIANNS NOILVULNSINOZ) 

0 = az " 

iD SAW] IWAIANNS GALVTINDIVD GNV VIVQ ‘ALINASAYVLAY WOAIGOS HLIM adaLoa{N] SAHDVOUNIOD -4 ¢ INAWTEadX 7 


AIA WIV 





(61) UoIZenba ur se asimi9yj30 ‘cQQg'0= ° *(#I) UOTZENbe (¢) = D'‘p = u's = we ‘E0zz0'0 = 79 ‘gt0 = ¢ ‘(61) UONNeNba (Z) ‘ogEzo0'0 
anjea ayy Suryovas uodn juLysUOD saWOdaq @ pue ‘F = S‘NO0'| = ¥‘C = 0 ‘fF = u ‘gE = w'GIZZ0'°0 = 72 ‘9¢°0 = ¢ ‘(gI) uotzenba ([) 10} a1¥ sjURSUOD J9Y3O 943 JO SANTA IY] ¢ 
*PepNnpoxe Z60I “ON WesuT; 
*papnypoul Z601 “ON Wesuy; 





SZ110'0 9F110'0 | 09z10°0 ¢6010'0 0L110'°0 = eM 


co - ad oo 009°2E 091'8? O8S' IF 026'EF £80°SF j sjosyu0D = O 
BSE" Lz¢ 102'LE¢ 6£9°06¢ ISb' 8h 08S" IF 0F2'8F O18" at 09°F LSv'9F $20 
2269 Zst'L9 CES*EL gce's9 008°¢¢ 088'9¢ OL2' Lt 000° F¢ L81'e¢ ogo 
OF0' It 
LbS'61 116'61 168°1Z 8I£°0z 8 091% 008°62 06L'9E F29' LE 692900 ¢20° 
0089+ 
Z1F'8 846'6 g2¢'8 8 0912 SELF 002°9F 0108 269200 ol 
00°19 
£0¢°2 ¥eL'% SHS 091% LOL'L 098°6 IL¥'¥E FSTIO 
000°6& 
290'T elit 8 006 0F9'T 066 209°6 Sesto 
pre pee 609 26S oL¢ sg¢ £19 £2610 
ILé LLE tlh OLE o8E cle v6E 80£20 
€8e 06¢ 8ZF 868 68¢ 56E 96E 26920 
Yad ‘ 282 Sle og Ize 
che 9ZE ele 1g¢ 92080 
0&2 ges 496 0Lz 9480 
8ST Lal Le! 6E1 62990 
£9 92 SL +8 26920 
Ig o¢ Ss g¢ 1€760 
SI £% &% 82 
Il tI al secl 0 


Roaches 


val Time in 


> 
wr 
x 
> 
>= 


we 19¢ 96€ 
29% L9Z £62 
Stl Lil 821 
£9 +9 02 
LP Lt a 
&% Td l@ 
eI el tI 


aAanrenh © OO 
= NOHO © 
nN 


uvaul uvoul uvoul uvout uUPIpaW uroul 
swOULIeP | W1}JeWIOeF | OHouTyIWYy uvoul uegoul duOWe dLIaUIONL) onewywy 
oowsey | dTuOWIeY 

1 0} 14 03 
+y 04 (I) (61) 
(4oquunu) (81) 

aasa 
SLOASNT 


























uvIOW LNaDaad 








GAANASAO 








Yeager and Munson: S 


—NOLLVNOF AG GALVINIIVD 











(SOgNUIUT) SAWIT, IVAIANNS NOILLV4YLNIINOD) 











SAW], TVWAIAMNG GALVINDIVD ANV VIVG :GANIGNOD FG- YC SLNAWINAdXY YO YG LNAWINAdX| 
AIA ATaVL 








580 Annals Entomological Society of America |Vol. XX XVII), 


FORMULATION OF EQUATIONS 


Examination of the results given in Tables I to 6 F, and of 
the curves similar to that shown in figure 1, shows that the ratio 
Al, 


— — is inversely related to the concentration, c, where /¢, is survival 
Ac 


time. The relationship between slope of the curve and concentration 
may be assumed to be: 


dt, K 
ee Me SOE ccc Wid vin clench ies (1) 
dc f (co) 
dt, . 7 , ; 
where — is the tangent to the curve, f(c) a function of the con- 


dc 


centration of the injected poison, and K, a constant. As a first 
approximation, a power of c may be taken as the proper function of 
the concentration injected; that is, let f(c) = c". Substituting this in 


equation (1) gives 


When a maximum concentration of poison is injected into an insect, 
death could hardly be expected to take place instantaneously. A period 
of time, no matter how small, must elapse between the moment of injec- 
tion and the time of death. During this period a mixing of the injected 
solution with the hemolymph, a transportation of the poison to the vital 
tissues by the circulating body fluid, possible penetration of the poison 
into tissue cells, as well as certain other processes, would be 
expected to occur. Such a period is the true latent period (/). When 
the concentration of poison reaching the vital tissue component is at a 
maximum, the latent period is followed by a true minimum survival time, 


tms, and 


where a may be called the minimum survival time. In practice, the 
shortest survival time that can be observed is called the minimum observed 
survival time, tmos. Since a is constant, it may be subtracted from /, in 
equation (2) to give 
d(t, — a) K, 
nea Se ahs wes tb Tees vee uad (4) 


dc Cis 


Examination of experimental results will show that, as c decreases, 
t, approaches a value equal to that of the survival time of the controls 
and first attains this value before c becomes zero. This means that 
the effective concentration of poison is not c but c — c,, where c, is the 
highest concentration of poison that gives a survival time very nearly 
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equal to that of the controls. In other words, c, is the lowest concentra- 
tion that causes death. Substituting c — c, for c in equation (4) gives 


te @) Bs 


windiacndsy i eaieaa le EaaHS Ot . 6 
Equation (5) may be integrated as follows: 
d(t, —a) = —K, (¢ —c¢,)~" d(c — G), 
fale, —a) = —K;, f(c —c,)~" d(¢ — c), 
t,—-a = a AEE oF ce deer gen cok (6) 


where C is the integration constant. When /;-—a=0, c=@. 
Substituting these in equation (6) gives 0 = 0 + C, and substituting 
C = o in equation (6) gives 
; K 
1 4 
i dp eae etapa se Evel heer (7) 


n—-1 (c—c,)"* 

Equation (7) is the basic form of the equations used in the analysis 
of the data presented in this paper. This equation is not different 
from the well-known Ostwald (10) equation, which is essentially 
y = k/(x — n)”™, or, as expressed by Clark (1, p. 74), (C — Cy)" = 
constant. It can be arrived at also through a different line of reasoning, 
given next. 

When an insect is killed by a poison such as sodium metarsenite, 
it may be assumed that some of the poison combines with certain 
components of certain vital tissues. The term ‘‘vital tissues,’’ as 
used here, refers only to those living tissues with which the poison must 
combine to cause the death of the insect. The combination of poison 
with a component of vital tissue so as to produce death constitutes a 
fundamental lethal reaction. The simplifying assumptions may be made 
that a definite quantity of poison must combine with unit measure of 
vital tissue component for death of the insect to be produced, and that 
death occurs as soon as or very shortly after this quantity of poison 
has combined.* 

If it is assumed that the rate of the fundamental reaction is deter- 
mined by the rate at which poison leaves the blood to combine with 
tissue component, the reaction could be expressed by an equation such as 
—dx 

dt 
! 


t = time (not survival time), m' = constant, x is quantity of poison 


! 
= ko(c — x)", [equation (8)], where c = initial concentration, 


sHere the tentative assumption is implied that the combination of poison with 
tissue components is an irreversible process. This simplification may not be 
tenable and is employed here only for convenience. The essentials of the present 
analysis would still apply, whether or not, the combination were irreversible. 
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that leaves the blood stream in time (¢) to combine with tissue 
component. 

A family of curves may be constructed from the integral form of 

lis equation by plotting x against /, the parameter c having a different 

value for each curve. At the level x = x, where x is the minimum 

amount of poison that must combine with unit tissue component to 


dx ; 
cause death, the tangent = decreases as (c — %) and as the ratio 
t 


a less, ¢, and a having the meanings already 
(¢—a) (t,—a) ‘ 
given them. Hence, assuming some relationship such as x,/(t; — a) = 
k'(c — ™)," where k' is an arbitrary constant, we can obtain 
t, — a = k3(c — x)" [equation (9)], where ks = x,/k'. Changing the 
variables from x and ¢ to ¢ and ¢, — a, and substituting c, for x, leads 
to 4, = ks(c — ¢)~" + a [equation (10)], which is the same as equation 
(7). The constant c, can be substituted for x; as an approximation only, 
since ¢, includes not only values of « up to x; but also the amounts of 


poison that are rendered ineffective through excretion and detoxification. 

Equations (7) and (10) are essentially the same, differing only in the 
way the parameters are expressed. 

Survival times calculated from equation (7) only roughly approxi- 
mate the observed survival times. This equation does not represent 
precisely the relationship between concentration of injected poison and 
survival time. It requires further modification to allow for certain 
factors not yet considered. Such factors may involve physiological 
processes or may be of a nonvital, physical, or chemical nature. 

Sodium metarsenite is the salt of a strong base and a weak acid 
and, when dissolved in water, may be considered to dissociate with the 
formation of Nat and AsO,.~ ions. The Nat in equilibrium with OH 
from the water forms a solution of the strong base, NaOH, while the 
weak arsenious acid (HAsOz), is formed by the union of AsO.~ and the 
H+ from the water. Because of the stronger dissociation of the NaOH 
than HAsOs, the solution has an alkaline reaction. At equilibrium in 
water, the degree of hydrolysis of the sodium metarsenite is of the 
order of 2.4 percent when the total sodium arsenite concentration is 
0.60 percent, and of the order of 19 percent when the sodium arsenite 
concentration is 0.0175 percent (for method of calculation see 4, p. 968). 
Assuming on the basis of published (14) and unpublished work that by 
weight, one-tenth of the roach’s body consists of hemolymph, the 
injected arsenite would be diluted ten-fold by the body fluid. Thus, 
0.60 percent would be at the upper and 0.0175 near the lower limit of 
the range of concentrations (after dilution by the blood) used in these 
experiments. Since in water the hydrolysed NaAsO, can be con- 
sidered changed to HAsOz, about 2.4 percent of the dosage of sodium 
arsenite changes to the very slightly dissociating arsenious acid at the 
upper limit of the concentrations used, and to 19 percent or more at 
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the lower limit. The injected poison should ionize to the extent of 
about 73 percent at the upper limit of concentration and about 93 
percent near the lower limit, only a small percentage of the ions being 
formed from the hydrolyzed portion. 

No doubt a more complex equilibrium is formed in the insect’s 
body after mixture of the injected dosage with the body fluid, probably 
rendering these approximate values much less exact. Nevertheless, 
when equilibrium is established after injection, the hemolymph would 
contain a certain concentration of arsenite ions, and there would be 
an equilibrium between these ions and undissociated molecules of the 
poison. The important thing from the standpoint of the present 
analysis is that, after injection, an equilibrium between ions and mole- 
cules of poison would be established. The proposed dissociation 
hypothesis would hold, whether the equilibrium were in accordance with 
the ‘‘classical’”’ expression of the law of mass action, 


[Nat] [AsO.~] _ 
{[NaAsO,]| 
in which k, is usually considered to have a constant value only in 
extremely dilute solutions, or whether the equilibrium were in accord- 


ance with a corrected form of the law of mass action, such as that 
given by Glasstone (4, p. 166), 


oh i A’c f. 
A' (A'—A)J + 


In equation (11), [] indicates concentration and k, is the classical 
dissociation constant. In equation (12), A is the equivalent conductance 
measured at concentration c, A' is the equivalent conductance at the 


actual ionic concentration in the solution, am is the mean activity 


coefficient of the electrolyte, and K, the thermodynamic dissociation 
constant. According to Glasstone, ‘“‘the law of mass action holds 
for strong, as well as for weak electrolytes, provided it is applied in the 
correct manner” (5, pp. 166-67). 

The survival time of an animal poisoned by arsenite, applied 
externally or orally, may be influenced by the molecular form of the 
poison, provided the molecules of poison penetrate the integumentary 
or gut membranes, as suggested by Hoskins (6) and Seth (11). Penetra- 
tion of these limiting membranes by undissociated molecules, however, 
even in cases where only the molecules penetrate or where they penetrate 
more readily than the arsenite ions, does not necessarily indicate that 
the undissociated molecules participate in the fundamental lethal 
reaction that takes place between poison and tissue component. The 
assumption that the undissociated molecule of sodium metarsenite, or 
of the corresponding acid, is the more toxic form of the poison appears 
to be insufficient to explain the results of this work. It is more satis- 


‘The equilibrium would be between undissociated molecules and ions 
according to the theory of incomplete dissociation, but would be between 
associated ion pairs and ions on the theory of complete dissociation and reassocia- 
tion of ions into ion pairs. Whether the equilibrium under discussion is the one 
or the other does not necessitate any essential change in the hypothesis proposed 
in this paper. 
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factory to assume that the toxic action of sodium metarsenite in the 
roach is dependent upon its dissociation. 

This would certainly be the case if the arsenite ion itself combined 
with tissue component in the fundamental lethal reaction. It is 
possible, however, that secondary compounds formed by combination 
of certain chemicals in the insect with the arsenite ions, or the ions of 
such secondary compounds, might participate in the fundamental lethal 
reaction by combining with tissue. In either case, the toxic action 
of the injected arsenite, as indicated by survival time, would be depend- 
ent upon its ionization. Assuming that that sodium metarsenite exerts 
its toxic effect through its ions, either directly or indirectly, c and 
C. in the preceding equations would refer to arsenite ions instead of 
sodium metarsenite. To simplify the discussion, let it be assumed 
tentatively that AsO.~ is the form in which sodium metarsenite has its 
most toxic effect and that these ions combine with tissue component. 


Consider now what would most probably take place in the poisoned 
roach. At the end of the true latent period, a reaction between the 
poison and the insect’s tissues would begin. As this fundamental 
lethal reaction proceeds, some of the AsO.~ ions leave the body fluid 
to combine with the tissues. As a result, the concentration of AsO.~ 
ions in the body fluid would become less and the equilibrium maintained 
according to the law of mass action would be disturbed. To re-establish 
equilibrium, more NaAsO, molecules would dissociate and some addi- 
tional ions would be formed. Not only the undissociated NaAsO, 
molecules but also the slightly dissociating HASO, molecules constitute 
reserves of additional arsenite ions. This means that the tissues are 
attacked by more arsenite ions than if the additional ions had not been 
formed. The influence of the additional ions upon survival time 
would be to shorten the latter. The shortening of survival time by 
the action of the additional ions would be relatively greater the longer 
the survival time or the lower the concentration of injected poison. 

The following argument will make this clearer. In the present 
experiments, each roach was injected with the same volume of sodium 
arsenite in saline solution per gram body weight (actually each insect 
received 10 mm., of arsenite solution for each gram of its body weight). 
Let y be the number of ions in unit volume of the injected solution 
per body weight after the solution has mixed with and been diluted by 
the hemolymph. Let x,' be the minimum number of ions per unit 
volume that must combine with tissue component to cause the insect 
to die. If the injected concentration of the poison is high, y will be 
high. The combination of x«,' with tissue component will leave y — x', 
the number of ions that remain behind in the blood, having a value not 
very different from y. The shift in equilibrium, therefore, that must 
take place would be relatively slight and the rate of the fundamental 
lethal reaction between poison and tissue component would be accel- 
erated only to a slight extent by the relatively few additional ions 
formed. If the injected concentration of the poison is low, however, 
y will be low also. In this case, the combination of x,' with tissue 


5As c decreases and the limit of toxicity is approached, y approaches the 
value x,'. 





1945] Yeager and Munson: Survival Time in Roaches 585 


component would leave y — «,' much less than y. The readjustment 


in equilibrium would be relatively great and the additional ions would 
accelerate the rate of the fundamental lethal reaction very appreciably. 
Thus, as ¢ decreases, the additional ions increase the rate of the funda- 
mental lethal reaction and decrease survival time with an effect that is 
greater as c becomes lower and as the survival time becomes greater. 

The injected concentration of poison has already been modified by 
the subtraction of ¢,, leaving c — ¢, as the effective concentration. 
Survival times calculated according to equation (7), however, do not 
compare well with those determined by experiment. It is necessary 
to make a further correction of the concentration to allow for the 
accelerating effect of the additional arsenite ions on the rate of the 
fundamental lethal reaction. Consider a dissociation curve, such as 
that shown in figure 5. With reference to dissociation, the curve 
is bounded above by unity, which represents complete dissociation, and 
below by a certain proportion of dissociation, p. This constant, ~, 
is a limit approached asymptotically by the curve as concentration 
increases. As concentration increases a point on the curve is eventually 
reached above which the curve differs from its asymptote, p, by an 
amount no greater than is permitted by experimental error. The 
concentration corresponding to this point will be referred to as the 
maximum concentration. Then p is the proportional dissociation of 
the maximum concentration at the end of the latent period and (1—) 
is the proportion undissociated; while pc is the total ion concentration 
of the maximum concentration of poison at the end of the latent period 
and c (1—) is the corresponding total concentration of undissociated 
molecules. It should be noted that the equilibrium existing at the 
maximum concentration at the end of the latent period is used as a 
point of reference. 

As the concentration of poison in the blood decreases, the dissociation 
curve rises above its asymptotic value, p, to the extent that, relative to 
the reference point, further dissociation accompanies the lowering of 
the concentration. The ions thus formed and which account for the rise 
of the curve are referred to as additional ions. The rate of rise of the 
curve toward unity is determined by the rate at which the poison 
represented by c (1—/) shifts from a molecular to an ionic state. This 
shift continues to the point of complete dissociation represented by 
unity, which occurs at some low concentration, designated c;. The 
rate of shift is inversely proportional to the injected concentration or 
inversely to some function of the latter. Let this inverse function be 


m 
Ca . . ‘ ° 
(: ) , where m is a constant, and c, is the highest concentration 
Cc 


of injected poison that corresponds to complete dissociation. 
Then as the dissociation curve passes from the maximum con- 
centration to c,, the shift from molecular to ionic state takes place at a 
m 
rate determined by (<) . For any concentration and for any 


time between the end of the latent period and death, the concentration 
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of additional ions may be expressed by c(1 — p) (“ ) . The initial 


ions are those that exist at the reference point or are the corresponding 
asymptotic proportion of ions, pc, existing at a lower concentration. 
The total ion concentration is the sum of the concentrations of initial 


m 
and additional ions, and is represented by E + c(1— p) (*) | ‘ 
C 
m 
where fc is the initial ion and c(1 — p) € ) the additional ion con- 
Cc m 
centration. In the region of the maximum concentration, c(1 — p) ( 4 ) 


m 
oT ¢ 
approaches zero. As concentration in the blood decreases, (4 ) 
c 


increases until, within experimental error, it reaches its maximum value 
of unity at c,, at which concentration the dissociation of the poison may 


‘ ¢ 
be taken as complete. For all concentrations less than ¢,, (+) 
c 


remains equal to one and | pe+e( — p) (<) | equals c. Thus, 
c 


m 
| p+ e(4 — »(“) | is ¢ corrected to represent the total ionic 


concentration of the injected poison. 

It is apparent that two factors will cause additional ions to be 
formed. First, as the concentration injected is less, more additional 
ions will be formed. Second, as arsenite ions leave the blood and pass 
to the tissues during the poisoning process, more additional ions will be 
formed from the undissociated molecules in the blood. Both of these 
factors may be considered to operate in agreement with equilibria in 
the blood maintained in accordance with the law of mass action. 

Inasmuch as equations (7) and (10) are essentially the same, they 
may both be represented by 

K 1 
i, = (soem 
- "#=—1 (¢c-—e¢)™ 
Substituting the corrected value of c into this equation gives 


K 1 


“Siena 


In this equation c, is a constant. Survival times calculated by means 
of equation (14) agree well with the observed survival times, except in 
the region of very low concentrations. It is possible to get a good fit 
throughout more of the concentration range by modifying the equation 
in the following way. 





oo 
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Up to this point c, has been treated as a constant, whereas very 
likely it is variable within certain concentration limits. It will be 
recalled that, in addition to the minimum quantity of poison, , that 
must combine with tissue to produce death, c, includes those amounts of 
the poison rendered ineffective through detoxification and excretion, 
or in other ways. The greater the survival time, the more time the 
insect’s excretory and detoxification mechanisms will have to eliminate 
or nullify the poison, until eventually the effective concentration of 
injected poison will be too low to be toxic. The greater the concentra- 
tion of injected poison the greater should be the quantity of poison 
rendered ineffective through excretion and detoxification, but only up 
to a limit determined by the normal capacities of the excretory and 
detoxification mechanisms or by their derangement through the action 
of sufficiently high concentrations of the poison. Thus, approximately 
and within limits, the value of c, would vary directly with a function 
of the total concentration of the arsenite ions as well as with survival 


time. Survival time may be expressed approximately in terms of 


m | -(n-1) 
concentration by E +c(1l- p( 4 ) ] , and the function of 


the total ion concentration may be considered to be a power, giving 


the relationship 
m 1b 
Ez c(1 — »(4) | 


C m ~|n-1 
| r+ ct 9(“) | 
v & | pe+ ca-a(#) J. 


where s = 6 — n+ 1 and 2 is ¢, considered as a variable. Using v 
instead of c,, equation (14) may be expressed as follows: 
1 


Pr Bea 5s cs), a Belang 
K m n-1 - 
‘ol (| re+ca-n (4) |--) to fa te 


Substituting the equivalent of » shown by equation (16) gives 
1 
K 


=I | p+ ot - a(2)" | ~ Kl p+ ca-an(4) |) ** (18) 


m 
in which( © ) cannot exceed unity, and the equivalent of » changes 
c 


g=zk 


until it becomes constant at an assigned value. 

Survival times calculated by means of equation (18) agree very 
well with the observed survival times. The agreement is much better, 
particularly in the lower concentration, than when equation (14) 
is used. 
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In some instances, moderately good agreements with the experi- 
mental data have been obtained by use of equation (14) or (18) without 


the c, or v terms. Omission of these terms leaves 
oat 1 
K 


_ .. \m )n-l 
aa | ve + «11 - »)() | a Smear (19) 


In general, however, much better fits are obtained with equations 
(18) and (14) than with (19). 





ANALYSIS OF DATA 
CALCULATED SURVIVAL TIME CURVES 


Good fits of calculated to observed survival times can be obtained 
with both equations (14) and (18), except in the lower concentration 
range. In the lower concentration range, better fits are obtained with 
(18) than (14). In figure 1, for example, equally good fits with the 
two equations can be obtained for concentrations above 0.350 percent. 
Below this concentration, equation (18) yields a fit, indicated by the 
solid dots in curve A, which is better than that obtained with equation 
(14), represented by the squares. The greatest differences between 
the observed and calculated survival times occur in the region of the 
critical zone and at the low concentration end of the curve. In the 
critical zone, fitting is less close because of the tendency of the groups 
of injected insects to have too widely separated modes or even to break 
up into subgroups differing greatly in mean survival times.* 

A good fit at the low concentration end of *the curve cannot be 
obtained with either equation (14) or (18) because equation (14) causes 
calculated survival time to approach infinity asymptotically at the 
value of c, and equation (18) causes it to approach infinity asymp- 
totically at zero concentration. Neither equation contains a factor 
representing the influence of ‘‘natural” mortality under these experi- 
mental conditions, which include starvation. Whereas, the curve 
given by equation (18) continuously approaches infinity at zero con- 
centration, the observed survival times ultimately depart from this 
theoretical curve, bend back, and reach zero concentration at a finite 
survival time. No attempt has been made in this study to include 
in the equations a correction for the influence of this ‘‘natural” 
mortality. 

Although equation (19) allows closer agreement of calculated and 
observed survival times at some points along the curve (Table I), in 
general it does not give as good a fit as do equations (14) and (18), 
especially as regards the region of inflection. In some of the other 
experiments pretty good fits can be obtained by use of equation (19) 
but, considering all the data, equation (19) cannot be relied upon to 





‘Instead of using a single measure of central tendency to represent the sub- 
groups of a group in the critical zone, only one of the subgroups could be used. 
Closer fits could be obtained in this way. The authors prefer not to throw out 
one subgroup, however, until a more rational basis for doing so is at hand. Either 
procedure is to some extent arbitrary. 
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yield the best fits. An explanation of this may lie in the reasonable 
assumption that the Malpighian tubes of the cockroach can excrete 
arsenic to some extent and that its tissues can detoxify some of the 
poison. No allowance is made for this factor in equation (19). 

The inflection indicated by the data and the curves of each experi- 
ment is delineated very well by the theoretical values calculated with 
equations (14) and (18). The ability of these equations to yield close 
fitting values for survival times lies partly in the applicability of their 
basic form, as shown by equation (13), and partly in the correction for 
concentration used in equation (14), 
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Fic. 3. Concentration-survival time curves, experiment 1. A: Injected con- 


centration, uncorrected. B: Injected concentration corrected according 
to equation (21). 
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C1 =([r+ea-n(#)" ]-<) a a eae te (20) 


and that used in equation (18), 


a=([petea-n(4)"] -a| petea—n(#)" |) :, 20) 


m 
These corrections involve c, and v as well as E +c(1— p) ‘2 | 
c 


the correction for ionization effects. When the observed survival 
times are plotted against uncorrected values of injected concentration, 
hyperbolic curves similar to that in figure 1 are obtained, showing the 
inflections described above. But, when the observed survival times 
are plotted against c or @, as defined in equations (20) and (21), 
respectively, smooth hyperbolic curves that do not exhibit the inflection 
are obtained. Figure 3 shows a c curve derived in this way from the 
data of experiment 1. 

This indicates that the inflection is caused by the factors of ioniza- 


tion for which corrections were made, especially by the rate of additional 


m 
ionization as determined by (#) . Table VII, referring to experi- 


TABLE VII 


Cd \m 
CALCULATION AND VALUES OF [v< + c(l—p) ( *) | FROM EXPERIMENT 1 
c 


CONCENTRATION cq \m cq \m cq \m 
= be c=, = be+c (1- n( 2) 
SSS c c c 





PERCENT MOLAR 
6.0 0.4615 0.0003001 0.2631 0.00005954 0.2632 
5.0 3846 0005185 .2192 . 00008576 . 2193 
4.0 .3076 .001013 _ 1753 .0001340 .1754 
3.0 . 2308 002400 . 1316 0002382 1318 
2.5 . 1923 .004149 . 1096 0003431 . 1099 
2.0 . 1538 .008109 .08767 0005362 08821 
1.5 1154 .01919 .06578 0009522 06673 
1.0 .07692 06482 . 04384 002144 . 04598 
9 . 06923 08891 03946 002647 04211 
.8 .06154 1266 03548 .003350 03843 
a .05384 . 1890 03069 .004377 .03508 
6 04615 .3001 02631 005954 03226 
5 03846 5185 .02192 . 008576 03050 
45 03461 7115 .01973 01059 .03032 
40 .03076 1.0000 ! PR soeuMeys 03076 
375 Se badness odds kena ; 02885 
.350 . 02692 ‘ leita we... ‘ 02692 
.300 .02308 a hwo .02308 
. 250 .01923 ; ‘ : 01923 
.200 -01538 : ; éxese .01538 
.100 007692 ; ‘xs ; .007692 
.025 001923 eh aneen Sea aaa ie .001923 











cg \™ cq 
1When Zz = 1,i.e., when complete dissociation isattained, ] pce +c (1—p) = =. 
c 
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ment 1, shows the molar concentrations of injected arsenite, and the 


values of pe, (3) » c(l— p) (#) » and [ 2 +a -2)(*) | 


used in calculating survival times to fit the harmonic means given in 
Table I and shown in figure 1. Disregarding c, and v, which do not 
appreciably affect the inflection, it is obvious that the corrected value 


4.0 


a) 
S 


(log conc.) + 10 
3 gs 


+ 
o 


4.0 5.0 60 70 &o 


log observed ft, 


Fic. 4. Curves showing relationship of (log concentration) + 10 to log of survival 
time (experiment 1). In obtaining curves A, B, and C, respectively, c¢, c], 
and c] were used. Arrows indicate positions of log ce and log #1 of controls. 


of concentration is obtained by adding together the initial and the 
additional ions. The additional ions are formed at a rate determined by 


‘) down to the molar concentration of 0.03076 (= 0.400 percent), 
c 


m 
at which (4 ) reaches unity and, according to theory, complete 
c 


dissociation is attained.? As lower concentrations are injected, the 

m 
initial ions, pc, become less and the additional ions, c(1 — p) (2) ’ 
increase in such a way that their sum is greater at 0.400 than at 0.500 


7Only a maximum dissociation might be attained. 
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percent, giving the inflection seen in the curve. This explains the 
inflection and the apparent contradiction that the injection of the lower 
concentration of the arsenite has a more toxic effect than the injection 
of the higher concentration. 

When c¢ + 10 is plotted against log observed survival time a straight 
line relationship is not obtained throughout the concentration range. 
The bend in the curve (A), figure 4, above c, corresponds to the 
inflection seen in the dosage-survival time curve of figure 1 and, accord- 
ing to theory, represents the region in which complete dissociation is 
attained. As log c + 10 becomes still less, the curve bends and the 
points become more widely scattered. They become distributed about 
a part of curve B. As shown by curve B, a straight line relationship 
is obtained when log of the corrected concentration, log c. + 10, is 
plotted against log of observed survival time. No indication of inflection 
may be seen corresponding to that of curve A. When log cq + 10 is 
plotted against log survival time a curve (C), without an inflection is 
obtained, identical with curve B down to about log ¢ + 10 = 6.0. At 
lower values of log c, + 10, the points (indicated by x) fall away from 
curve B, tending to distribute about a line of different slope. These 
relationships help to substantiate the adequacy of the corrections 
applied to c. They also illustrate the greater effectiveness of c, than c 
in obtaining good fits at the lower dosages, a condition that would be 
expected from purely physiological considerations. 

An analysis similar to that of the data of experiment 1 can be 
applied to the other experiments with similar results but the detailed 
analyses of the other experiments will not be discussed. 

Since the applicability of the analysis depends upon the reliability 
of the original data, the latter were tested statistically. Analysis of 
variance, according to the procedure described by Snedecor (12, pp. 3-20), 
was applied to the region about the inflection in each experiment. The 
regions of the curves tested were from 0.05769 M — 0.05384 M (or 
0.75 — 0.70 percent) down through 0.02308 M — 0.01538 M (or 


0.30 — 0.20 percent). Values of F = mane semete wen _¢ 

mean square between c 
obtained and compared with the values of F given by Snedecor’s 
table XXXV (12, pp. 88-91). The F values for the different experi- 
ments were found to be from 1.12 to 8.91 times as great as the appro- 
priate highly significant F values in Snedecor’s table; on the average 
they were 3.69 times as high. This indicates that there is much less 
than one chance out of a hundred that the observed survival times 
differ only because of experimental error in the region that includes 
the inflection. The combined experiment 5 F is not included in the 
above statements. Its F value was 23.17 times the highly significant 
value in Snedecor’s table. 

Similar tests were applied to the portion of the curves that includes 
the critical zone. The ranges tested were 0.01923 M — 0.01154 M 
(0.25 — 0.15 percent) down through 0.01154 M — 0.003846 M (0.20 — 
0.0050 percent). The value of F obtained for experiment 4 was only 
0.46 times, but the F values for the other experiments ranged from 1.04 


were 
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to 6.68 times the lower significant value given in Snedecor’s table 
XXXV. On the average, the F values of the 9 experiments were 2.34 
times the lower significant F value in the table. The F value for 
experiment 5 F was 12.57 times the lower F value in Snedecor’s table. 
These results indicate that, excepting experiment 4, the chances are 
less than 1 out of 20 that the differences in the observed survival times 
in the regions of the curves indicated are due to chance alone. 

The five replicate experiments were tested by analysis of variance, 
using as criteria the experiment number and the concentration, according 
to Snedecor (12, pp. 21-28), and using only those concentrations common 
to the 5 experiments. The value of F, or the ratio of the mean square 
between experiments to that of the interaction, was 2.31, which is not 
so great as the appropriate lower significant value of 2.56 in Snedecor’s 
table XXXV. This indicates that the difference between the 5 replicate 
experiments are no greater than is permitted by experimental error. The 
value of F,, or the ratio of the mean square between concentrations 
to that of the interaction, is 54.39, whereas the higher appropriate 
value of Snedecor’s table XXXV is 2.56. This indicates, as is to be 
expected from an inspection of the data, that the differences between 
the observed mean survival times are attributable largely to differences 
in the concentration injected and only slightly to experimental error. 

The chances of inflections occurring in a single region of the curves, 
as they have been found to occur in these experiments, were calculated 
on the assumptions that they are caused by random errors only and that 
the inflections had appeared in 7 out of the 9 experiments. The 
probability of this happening because of random error was found to be 
only 1 out of several million. 


. D ; ; 
Values of >, Were calculated, where D is the difference between an 
D 
adjacent pair of survival times on a curve and @, is the standard error 


of this difference. It was found that the values of the ratio 2 are 

D 
much less (or are negative) at the inflection than just above or just 
below the inflection. 

The reliability of the fit of the calculated to the observed survival 
times is indicated by the values of the index of curvilinear correlation, 
p, and the index of determination, p* (3, p. 133). In calculating p 
and p?, the extreme long time end of a curve may not be included, since 
the equations are not designed to represent the curves closely when 
survival time approaches closely to that of the controls. Considering 
equation (18) and only the 32 concentrations extending from 0.4615 M 
(6.0 percent) through 0.007692 M (0.100 percent) in experiment 1, the 
value of p was 0.932 and that of p? was 0.866. This means that 86.6 
percent of the variance in survival time is accounted for by differences 
in the concentrations of poison injected, when consideration is given to 
equation (18). Similarly considering equation (14) and the range 
0.4615 M (6.0 percent) through 0.02308 M (0.300 percent), or only 
24 concentrations, the values of p and p* were 0.852 and 0.725, respect- 
ively, indicating that 72.5 percent of the variance in survival time is 
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to be attributed to the differences in the injected concentrations. The 
range 0.1538M (2.0 percent) through 0.005769 M (0.075 percent) in 
the combined experiment 5 F, fitted by equation (18), gave values 
p = 0.921 and p? = 0.848, indicating that 84.8 percent of the variance 
in survival time is attributable to differences in injected concentra- 
tion. The values p = 0.954 and p? = 0.911 were obtained for experi- 
ment 5F, range 0.1538 M (2.0 percent) through 0.007692 M (0.10 
percent), on the basis of equation (14), indicating that 91.1 percent of 
the variance is attributable to concentration differences. 

All of these statistical tests indicate that the data are very reliable, 
that the chances are very much against the inflection being caused by 
random experimental error (no source of constant error that would 
explain the occurrence of the inflection has been detected), that both 
equations (18) and (14) give close fits to the experimental values over 
a large portion of the curve, and that equation (18) gives a good fit over 
a greater part of a curve than does equation (14). 

The constants of equations (14) and (18) were evaluated and the 
curves fitted in accordance with the following procedures. First consider 
equation (14). Values for three of the constants, a, cy, and ¢, may 
be approximated by inspection of the data, either tabulated or in the 
form of a concentration-survival time curve. Since in the present 
experiments the minimum survival time and the minimum observed 
survival time are practically the same, the survival time at which the 
high concentration end of the curve becomes nearly asymptotic is 
taken as the value of a2. A consideration of all the experiments indicated 
5 minutes as a close approximation, and this was taken as the value of a. 
Since cy is the injected concentration corresponding to complete dis- 
sociation of the poison in the blood, it is evaluated graphically as 
approximately the concentration where the inflection of the curve 
tends to be most reversed; that is, it is the concentration at the lower 
limit of the inflection. Because the survival time distributions (each 
corresponding to a single point on the curve) tend to become bimodal 
in the critical zone, c, is less easily evaluated but, as an approximation, 
it is taken as the highest concentration that gives a survival time 
nearly the same as that of controls. 

Different values are assigned to the exponent (m — 1) in t,(¢ — ¢)"" 
= K/(n — 1), and different values of the constant K/(m — 1) calculated 
for different concentrations, c. This is continued until the values of 
K/(nm — 1) are as nearly constant as possible for the portion of the 
curve that lies between the critical zone and c,, including cz. The 
values of K/(m — 1) should also approach constancy at higher con- 
centrations, where they would have a higher numerical value (in these 
experiments, above about 0.1 M). Approximately the average of the 
values in the region between the inflection and the critical zone is taken 
to be the initial value of K/(m—1). The value of the exponent in 
(c —¢,)"', used to obtain the initial value of K/(n — 1), is then 
considered to be the correct value of m — 1, and m becomes known. 
Knowing (n — 1), K is calculated from K/(n — 1). 
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Knowing the values of a, K, nm, and ¢,, and remembering that the 
expression for additional ions approaches close to zero at high concentra- 
tions, the value of » can be obtained from equation (14) by setting 


c(1 — p) (<) equal to zero and solving for p. The value of p 
€ 


t,—a 


can also be approximated by solving = A for A, cal- 


; . A : ; 
culating J from J = —, and setting this value of J equal to 
c 


ES (l— p) (<) + . » which reduces to J = p at high con- 
c 


™m™ 
: eo his C C 
centrations because, when c is high, (1 — p 2) and -2 become 
c c 


small enough to be neglected. 


Since m is the only constant in equation (14) not evaluated, its value 
may be obtained by solving equation (14) for m. It may also be 


obtained by assigning the value obtained for J = < to J in the equa- 
Cc 


m 
tion J = p+ (1 — p) (*) » applicable to those concentrations 


at which 2 may be neglected, and solving for m, where m = In B/In D, 


B=(I—p)/(1— 9), and D= 4. It is simpler, however, while 


using the values obtained for the other constants, to assign trial values 
to m until a satisfactory fit is obtained. 


, 


: al K 
Using these initial values of ——s n—1, Go, p, Ca, m, and a, and 


the experimental values of c, survival times are calculated by 
equation (14). The theoretical survival times thus calculated are 
compared with those obtained experimentally and, within allowable 
limits, the values of the constants are adjusted until the best fit is made. 


The constant c, in equation (14) really is a sort of representative 
value for a variable parameter, v. The values of » can be approximated 
by solving equation (14) for values of c, at the different concentration- 
survival time points. By setting those values equal to the left-hand 
side of equation (16) and assigning values to s and k, these constants 
can be evaluated. Having approximately evaluated all the constants 
in equation (18), theoretical survival times can be calculated, compared 
with the experimental ones, and perhaps be made to fit more closely by 
an allowable adjustment of the values of certain appropriate constants. 
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Table VIII shows the initial and final values used in calculating the 
theoretical survival times in the different experiments. These experi- 
ments were performed between August, 1941, and November, 1942, in 
the order 5 A, 4, 3, 2, 1,5 B, 5 C, 5 D, 5 E, with a considerable interval 
of about 12 months between experiments 5 A and 5 B. Thus, the 
insects used in 5 A were taken from the stock culture at a considerably 
different period than those used in experiments 5 B-E. This is of interest 
in considering the values of the constants in Table VIII. 

Three of the constants, a, m, and s, each have the same numerical 
value throughout. The final values of K do not change in experiment 1 
through 5 B and are very nearly the same throughout. For equations 
(14) and (18), p varies only from 0.52 to 0.60. For equation (19), 
which contains no ¢, factor, the values of p are more variable. The 
exponent m varies from 2.6 to 3.2 for equation (18) and from 1.9 to 
3.2 for equation (19); for the fits with equation (14) its value was 3. 
The final values of c, are less for the complex saline than for the NaCl 
solutions. Such a difference is to be expected from physiological 
considerations, since the rate of excretion of the poison should be 
greater with the NaCl solutions than with the complex saline, which 
should hold more of the arsenite in a less soluble form. Similarly k, 
which represents the rate of variation of v (when s is kept constant), 
should have a higher value for the NaCl solutions than for the complex 
saline. The data in Table VIII show that this is the case. The very 
high value of k in experiments 2 and 3 is less reliable because of the 
few low concentrations used in these two experiments, but does indicate 
that k tends to be high. The values of & are sufficiently low in the 
five replicate experiments for these data to be fitted by equation (19), 
which contains neither c, nor v. For this reason, the individual fits 
of the replicate experiments are not included in the tables. The upper 
limit of v apparently is less for the oriental than for the American 
roach. The final values of cy range only from about 0.022 to about 0.031, 
but tend to be somewhat higher for the NaCl solutions than for the 
complex saline, since the complex saline would tend to lower the rate 
of excretion of the poison, causing relatively more to be held in the 
blood. Also the value of c; tends to be somewhat higher for the 1.34 
percent than for the 1.10 percent NaCl solution. This is to be expected, 
since the 1.34 is hypertonic to the 1.10 percent saline and might be 
expected to favor the retention of more water in the blood relative to 
the tissues. This would favor complete dissociation of the poison at a 
higher injected concentration. The complex saline would favor com- 
plete dissociation of the arsenite at a lower injected concentration, as 
its calcium and magnesium ions would favor a lower rate of excretion 
of the poison. ' 


DISSOCIATION 


The explanation of the close agreement between the survival times 
determined by experiment and those calculated leads to the further view 


that 100 | p+ (1 — p) (*) | may serve as an index of the per- 
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percentage of dissociation of the sodium metarsenite after it is injected 
into the insect and has mixed with the hemolymph and after the addi- 
tional ions have been formed. In figure 5, curve A is obtained from experi- 


ment 1 [equation (18)] by plotting 100 | p+ 0-9) (*) | 


against the concentration in milliformulae of poison in the hemolymph. 
The curves for experiments 1 and 2 are alike, those for experiments 
4 and 5 are alike but differ from the preceding, and that for experiment 3 
is still different. All these curves fall within the limits indicated by 
the broken lines in figure 5. These curves are in agreement with the 
values of p and cg shown in Table VIII. Each curve may be interpreted 
as a first approximation to the dissociation curve of the sodium arsenite 
in vivo after its mixture with the hemolymph. 


qo 


.  * 


“Percent dissociation 
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Fic. 5. Comparison of ‘‘dissociation curves’’ obtained by calculation from con- 
ductivity data in the International Critical Tables with curves calculated 
from the data of experiment 1, allowance being made for a 10-fold dilution of 
the injected concentration by the blood, and interpreted as dissociation 
of sodium arsenite after its injection into the insects. 


Figure 5 also shows concentration-dissociation curves for sodium 
arsenite (crosses) and for 4% Ba (C.H;Oz2)s (triangles) (curve B), as 
well as for 44 NaszHAsO, (solid dots) and for 4 NaH2AsQO, (squares) 
when these salts are dissolved in water. All these points were calcu- 
lated approximately from conductivity data in the International 
Critical Tables. Curves A and B represent very different physical 
systems. Many factors that operate in the body of a poisoned insect 
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are absent in a purely aqueous solution. Certain factors operative 
within the insect would tend to depress ionization of the arsenite at the 
higher dosages relative to its dissociation in water, as well as to its 
ionization at low dosages in the insect. Examples of these factors are 
(1) the components of the hemolymph, such as calcium ions, that would 
convert soluble into insoluble arsenite, and (2) the relatively small 
effect that loss of arsenite ions or their equivalent from hemolymph to 
tissues would have on the dissociation equilibrium at the higher dosages. 
The operation of such factors would help account for the differences 
between curves A and B above ten milliformulae (i. e. concentration 
in the blood). The other ends of the two curves cross, indicating that 
at the lower concentrations complete ionization is approached more 
rapidly in the poisoned insect than in a purely aqueous solution as the 
concentration becomes less. This is explained, at least in part, by the 
reverse operation of the second factor just mentioned, that, in the 
low-concentration range, removal of arsenite ions or their equivalent, 
from hemolymph to tissues disturbs very markedly the dissociation 
equilibrium, which is restored only by formation of additional ions from 
a relatively large number of the undissociated molecules of arsenite 
salt. Thus the pure aqueous system in vitro and the more complex 
biological system that exists within the poisoned insect can be given a 
rational relationship. 


BODY WEIGHTS AND SEXES 


The insects used in experiment 1 were separated into light and heavy 
groups according to their body weights and concentration-survival 
time curves of each group plotted. Similarly, curves were obtained for 


the insects divided into two groups according to sex. These curves 
indicate that neither body weight, within the limits used, nor sex had 
any appreciable influence upor the results. 


SUMMARY AND CONCLUSIONS 


Quantitative injections of sodium metarsenite, dissolved in saline, 
were made into nymphs of the American cockroach (Peri planeta 
americana (L.)) and the oriental cockroach (Blatta orientalis L.). 
Survival times were determined and concentration-survival time curves 
were plotted. The curves were all hyperbolic in type and exhibited 
distinct inflections near the region of greatest curvature. At certain 
lower concentrations there is a critical zone, in which the frequency 
distributions of the insects used to determine a point on the curve 
tend to spread out and become bimodal. Survival times that agree well 
with those obtained experimentally were calculated by means of equa- 
tions (19, (14), and 18), especially the last two. The formulation 
of these equations and the reasoning on which they are based are 
explained in detail. These equations are based on the working 
hypothesis that poisoning takes place through combination of arsenic 
in ionic form, or via ionic form as intermediate step, with certain 
components of the insect’s tissues. The inflection in the experimental 
curve can be duplicated in the calculated curve and is considered to 
be associated with and most probably caused by the rate at which the 








600 Annals Entomological Society of America |Vol. XXXVIII, 


injected arsenite approaches its maximum dissociation in the body 
fluids of the insect. Should this working hypothesis be in error in 
assuming dissociation of the arsenite to have the importance assigned 
to it, whatever factor is substituted for the dissociation must behave in 
the way that dissociation of the poison, as indicated in the equations, is 
now considered to act. 

There is reason to believe that the dissociation curve of 
injected sodium metarsenite after its mixture with the body fluids 
of the insect can be determined approximately by the expression 


| » + (1 — p) ( «) | where p, cz, and ¢ have the meanings given. 


It is concluded that the equations express certain phases of the 
toxic processes involved in arsenical poisoning in the cockroach and 
that either ionization of the insecticide within the insect’s body or a 
factor that behaves in a similar way plays an important role in the 
processes of poisoning, greatly influencing the relationship between 
dosage and survival time. 
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BOOK NOTICES 


THE HEAD AND MOUTHPARTS OF THE SUCKING LICE (INSECTA: 
ANOPLURA), by CHESTER JAMES STOJANOVICH, JR. Microentomology, 
Vol. 10, Part 1, pages 1-46, figures 1-26, June 25, 1945. Published by the 
Natural History Museum of Stanford University. Price, 75 cents. 

A study of details of internal anatomy of insects as small as the Anoplura 
cannot fail to inspire admiration for the patience and skill of the writer. Not 
even his matter-of-fact explanation of the advantages of dissection with modern 
microscopes can temper this reaction, for it seems a superhuman task to carry out 
such delicate manipulations. His success is expressed in the series of superbly 
clear drawings of the structures involved. 

Since the relation of the mouthparts of sucking insects to those of biting 
forms is a major point in insect evolution, this contribution may be regarded as 
more than a simple addition to our knowledge of insect anatomy. The writer is 
modest in feeling that his work sets the stage for further investigation in 
embryology. Certainly it does so, but we wonder whether it does not, in itself, 
contribute heavily to at least a tentative estimate of some of the relationships 
which have been obscure. One need not be especially interested in lice to find 
it worth reading.—A. W. L. 


CATALOGO DAS AVES DO BRASIL E LISTA DOS EXEMPLARES 
EXISTENTES NA COLECAO DO DEPARTAMENTO DE ZOOLOGIA, 
by OLIverR1IO MARIO DE OLIVERIA Pinto, Director. Part 2, Order Passeri- 
formes (continued): Superfamily Tyrannoidea and Suborder Passeres. 
xi+700 pages, 14 black and white and 5 colored plates. Published by the 
Departamento de Zoologia, Secretaria da Agricultura, Industria e 
Comércio, Sao Paulo, Brazil. 


The Catalog is well printed on heavy paper and is paper bound. The illustra- 


tions, while they lack the lifelike quality of Fuertes drawings, are skillfully exe- 
cuted. Data include synonymy and extensive records of distribution, with 
numerous explanatory footnotes. It should be an indispensable work for students 
of Neotropical birds.—A. W. L. 


BOLETIM FITOSSANITARIO, Vol. I, No. I, 1944. Diviséo de Defesa Sanitaria 
Vegetal, Minstério da Agricultura, Brasil. 

We welcome with this issue a new quarterly scientific journal which fore- 
shadows an interesting addition to the excellent publications from our neighboring 
continent. The Bulletin includes articles on plant diseases in the usual sense of 
the term and on items of entomological interest, notably a ‘Nota Sobre 
‘“Homalotylus Flaminius’’ (Dalman, 1820) (Hym.—Encyrtidae)’ by A. G. 
d’Aranjo e Silva. In addition there are sections on legislation, on news items 
of diverse nature, and on bibliography. The last includes thirty-one pages of 
entomological items. The Bulletin is well printed with the exception of the half- 
tone figures. Several colored plates are good.—A. W. L. 


REVISION OF NEARCTIC BIBIONIDAE INCLUDING NEOTROPICAL 
PLECIA AND PENTHETRIA (DIPTERA), by D. E_mo Harpy. Uni- 
versity of Kansas Science Bulletin, Vol. XXX, No. 15, pages 367-547,— 
plates XXIX-XLI, June 15, 1945. 

As a taxonomist the reviewer appreciates that a revision is limited in interest 
to other taxonomists, but there is sound satisfaction in bringing order to any 
group in the vast array of insects which is vicariously felt in the perusal of Dr. 
Hardy’s work. He adds several new species to the considerable number already 
described in other publications. Our late friend, August Busck, used to say with 
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his keen insight and inimitable accent, ‘‘Describing species is the chores of 
entomology,’’ but the number described by Dr. Hardy bear witness to the extent 
and thoroughness of his study of the family and he handles the more important 
task of taxonomic revision effectively. 

In the characteristic pattern of such works the Revision includes for each 
category and species brief bibliographies, descriptive and comparative notes, type 
information, notes on distribution, and keys for identification. The plates are 
made up of approximately two hundred excellént drawings of morphological 
details. We congratulate Dr. Hardy on his fine contribution to the taxonomy 
of a difficult order.—A. W. L. 


A MONOGRAPH OF THE BEETLES ASSOCIATED WITH STORED 
PRODUCTS, by H. E. Hinton. Vol. I, pp. viii+443, 1945. Published 
by the British Museum (Natural History). Price, two pounds ten shillings. 

‘So long as men produced on a small scale for their own use they had no need 
to store their products for long periods nor were they able to accumulate large 
amounts to store for even short periods of time; and such insects as attacked 
their stored food and clothing were no more than a nuisance and often passed 
unnoticed.’’ With this sentence the author begins his introduction, reminding 
us vividly of the increase of problems of human life through the sheer complexities 
of population growth. With the thoroughly scholarly treatment in which our 

British friends excel the book continues with keys to adults and larvae of the 

families considered, and then with a detailed study of each family including keys 

to adults and larvae of the various species, the characteristics, habits and other 
details of each species. A bibliography including only titles mentioned in the 
text occupies 27 pages. The book is copiously illustrated with beautifully executed 
text figures. The printing is excellent and the volume is well bound in cloth. 
A. W. L. 


TECNICAS GERAIS SEGUIDAS NO ESTUDO DA ORDEM MANTODEA 
BURMEISTER, 1838, by LAuro TrRAvassos FILHO. Arquivos de Zoologia 
do Estado de Sao Paulo, Vol. IV, Article 5, pp. 113-156, Apr. 12, 1945. 


SOBRE A FAMILIA ACANTHOPIDAE BURMEISTER, 1838, EMEND. 
(MANTODEA), by Lauro Travassos FILHO. Arquivos de Zoologia 
do Estado de Sao Paulo, Vol. IV, Article 6, pp. 157-232, pl. I-III, Apr. 14, 
1945. 


In the first of these articles Sr. Travassos gives the results of two years of 
research on methods for the study of insects of the order Mantodea, including 
methods of mounting specimens, preservation in liquids, and methods of breeding 
in the laboratory. He promises a later publication on bionomic results. 

The second article is a taxonomic survey which revalidates the name 
Acanthopidae and includes as complete a survey of the family as the author's 
materials permit. Types, information on the location of specimens, synonymy, 
discussion of genera and species and a bibliography of over sixty titles are 
included.—A. W. L. 


PAPEIS AVULSOS DO DEPARTAMENTO DE ZOOLOGIA, Vol. IV, v+333 
pages, 1944. Secretaria da Agricultura, Industria e Comércio, Sao Paulo, 
Brazil. 

The collection of twenty-three articles presented in this volume covers a 
considerable zoological range, chiefly in the Phylum Arthropoda. Exceptions 
are a survey of the monkeys of the State of Sao Paulo, an article on the fishes of 
Monte Alegre, another on the fishes of the Department's collection and one on the 
birds of the Monte Alegre district. 

Several articles by B. M. Soares deal with phalangids and one with the spiders 
of Monte Alegre. 

The purely entomological items includes articles by R. F. D’Almeida sup- 
plementing his revision of the American species of Danaoidea and on the 
nomenclature of several major groups of Lepidoptera, three by L. R. Guimaraes 
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on Mallophaga, one by M. Carrera on the Leptogastrinae (Diptera: Asilidae), two 
by E. Navajas on the validity of certain names in the order Coleoptera, one by 
L. Travassos Filho on an abnormal specimen of Cosmosoma teuthras Wik. (Lep: 
Ctenuchidae) and an article by Petr Wygodzinsky on a new species of Campo- 
daeidae. These articles contain descriptions of a number of new om , 


THE MOSQUITOES OF NEW JERSEY AND THEIR CONTROL, by THomaAs 
J. HEADLEE. x+326 pages, 87 figures, 16 plates, 14 tables. Rutgers Uni- 
versity Press, New Brunswick, N. J., 1945. Price, $4.00. 

New Jersey mosquitoes and experiences with them have added fame to both 
American folklore and entomology. Forty-one species have been found in the 
state. Of the species that cause trouble, those that breed in salt marshes have 
furnished the largest problem. The magnitude of it may be illustrated by the fact 
that, figured on the basis of a ditch 10 inches in width, approximately 38 million 
linear feet of drainage ditches are maintained at present. 

The main topics in the table of contents are: Introduction; Value of mosquito 
control; Structure, classification, and keys; The New Jersey mosquito fauna; 
Mosquito biology; Influence of environment; The history of mosquito control in 
New Jersey; The principles and detailed procedure of mosquito control; Larvicides; 
Mosquito repellents; Laws relating to mosquito control; Economic effect of 
mosquito reduction; and References. 

Entomologists acquainted with the literature from New Jersey on this subject 
will find the contents quite familiar. The central portion of approximately 200 
pages consists mainly of the bulletin by Dr. John B. Smith, published in 1904. 
Although most of this information had appeared originally in Bulletin 276 and later 
in Bulletin 348 of the New Jersey Agricultural Experiment Station, it is good to 
have it available again. Not all of the literature originating from within the 
state is represented and a bibliography of it would be valuable whereas the list of 
30 references included is of no special merit. 

Many comments could be made about the absence of important information. 
Much of this omission can be defended, however, on the basis of this being an 
account of activities in New Jersey. In regard to work within the state, elabora- 
tion of several items would be welcome. For instance, the New Jersey mosquito 
trap receives little attention and in order to obtain information on its construction, 
uses, operation, and interpretation of catches, one will have to continue to resort 
to original articles. It would be nice if the sale of the book permits a reprinting 
so that typographical and grammatical errors can be corrected and an index added. 
The physical appearance of the book is excellent.—C. E. VENARD. 
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